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The future of behaviorist psychology will depend on the 
success with which it treats the specific phenomena of con- 
sciousness. ‘To rest its case on the general theoretical advan- 
tages, important though they may be, of defining conscious- 
ness in terms of behavior, would be to forego the chief claim 
of any theory to scientific recognition: methodological fruit- 
fulness. At present behaviorism is a program rather than 
an achievement; a method of approach rather than a theory 
possessing scientific credentials. Those of us who are most 
impressed by the importance of the philosophical advantages 
behaviorism offers, and who see, or think we see, great 
promise in its program of reconstruction, are impatient to 
see the program carried out. Why dally over the definition 
of consciousness? The progress of biological science has not 
depended on the formulation of an adequate definition of 
life. It has, indeed, depended on replacing the belief that a 
living being is a corporeal object endowed with a vegetable 
or animal soul, with the conception of it as an organized 
structure capable of maintaining a system of cyclical activi- 
ties. The attainment of this conception has been absolutely 
essential to the development of biology. It has offered a 
program and a method of approach comparable to that which 
behaviorism claims to offer today. But the progress of 
biology has consisted in the exhibiting of the characteristic 
activities of the living being as elements in that cyclical 
system. Instead of defining life, biology has been occupied 
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in investigating the specific processes of living, and in tracing 
their mutual relations. To a similar occupation behaviorism 
must henceforth devote itself. 

So far the behaviorist movement has had two distinct, if 
not wholly independent, sources. On the one hand, we find 
a group of experimental investigators of animal behavior, 
occupied with such problems as that of determining what 
mode of response, if any, is called out in a given species by a 
given physical stimulus; how given types of reaction are 
excited, and how they are modified. On the other hand, we 
find a group of philosophical behaviorists, who are chiefly 
concerned with the metaphysical aspects of the new doctrine 
and who devote themselves almost exclusively to the task of 
defining consciousness in terms of behavior. The two groups 
of thinkers find a common ground in their conviction that the 
study of mind and the study of behavior are not two things 
but one, and that the investigation of the so-called phe- 
nomena of consciousness can be fruitfully carried on only 
through the study of behavior. 

But while the experimentalists are occupied with the reac- 
tions of the lower animals, and the philosophers with the 
definition of consciousness, the classical categories of psy- 
chology—sensation, perception, emotion, affection, volition, 
thought, etc.—are left almost wholly to the undisputed sway 
of the traditional psychology.! Has behaviorism no use for 
these categories? If it be true, as is sometimes implied, 
that the ideal of the science of behavior is the ability to 
predict what muscular contractions a given animal will make 
under given conditions, the psychological categories may well 
be neglected. But that ideal, at least in the case of the higher 
animals, is an unattainable one; and, what is more important, 
if it were attained it would leave most of the behavior of 
those animals, and particularly of human beings, unintelli- 
gible tous. In order to understand behavior we must resolve 
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it into a system of interrelated functions, just as in order to 
understand the physiological workings of the human body 
we must envisage the complex of chemical and mechanical 
processes as falling into such functional groups as digestion, 
circulation, etc., constitutive of the physiological economy. 
Now just as there is a physiological economy, so there is a 
larger vital economy, in closest union with, yet distinguish- 
able from it. This is the system of behavior, by means of 
which the being, animal or human, maintains his relations 
with the environment and forms a factor in its transformation. 
The science of behavior has the task of tracing the lineaments 
of this larger economy. This economy is actually carried on, 
to be sure, by means of muscular contractions, or, if you 
please, by means of chemical reactions; but just as truly, and 
far more significantly, must it be said to be maintained by 
the performance of such functions as instinct and habituation, 
perception and emotion, or even memory and thought. 

We should be rash, indeed, to assume that a scientific 
analysis of behavior would reveal the presence of all the 
classes of phenomena recognized by traditional psychology. 
What we have to expect is the discarding of some and the 
modification of many, as well as the discovery of a certain 
number of new psychological categories. But if behaviorism 
is to fulfill its promise, it must deal definitively in some man- 
ner with the classical phenomena of psychology. 

It would be wrong to assert that nothing has been done 
in this direction. We are in possession of at least the outlines 
of a behaviorist theory of perception. But there has been 
little progress toward a larger systematic account of psycholog- 
ical phenomena. And yet there are many problems for 
which, it would seem, the materials for a solution, or at 
least for a profitable discussion, were at hand. How, for 
example, are the general functions of cognition and affection 
related to each other? More specifically, how is perception 
related to emotion? What distinctive place has each in the 
economy of life? On this problem it would seem that be- 
haviorism is able to cast a flood of light. 

It is evident, to begin with, that emotion is closely con- 
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nected with distinctive bodily activities in a way in which 
perception is not. One may readily tell from the behavior 
of a man or animal, especially from his attitude or expression, 
that he is angry or afraid; while the fact that he is intent 
upon the sight and smell of smouldering fire is not evident 
to one observing his demeanor. As the difference has some- 
times been imperfectly characterized, one is active in emotion 
and passive in perception. Using the language of a more 
recent terminology, the generalization might be made that 
an emotional state is conditioned by specific types of response 
(including organic disturbance) and is relatively independent 
of the specific nature of the sensory stimulus, while perception 
is conditioned by the specific sensory stimulus and is rela- 
tively independent of the specific nature of the response. 
For example, fear may be aroused in a child by the sight of 
some strange animal, by loud and startling sounds, by the 
sudden seizure of its arms, etc., and on each occasion it may 
exhibit its terror in much the same way, e¢.g., by crying and 
struggling to hide its face in its mother’s skirt. On the other 
hand, the perception of the mother can be experienced only 
if the appropriate stimuli of light, etc., are acting on its 
sensory end-organs, while the response to such stimulation 
may vary indefinitely. 

Such a generalization in regard to the relation of emotion 
to perception is obvious; but it does not carry us very far. 
It does serve, however, to set the problem a little more 
specifically. Since the rejection by psychology of the for- 
merly alleged ‘innervation feeling,’ the general assumption 
has been that experienced content is determined by sensory 
stimulus in independence of motor discharge. Indirectly, 
indeed, the response has been supposed to play a part, and a 
very important part, in so far as the movements of the re- 
sponse arouse fresh sensory stimulation. But motor nervous 
activity itself has been regarded as wholly inoperative in 
determining content. Accordingly, the fact that emotion is 
connected with characteristic bodily reactions has led the 
psychologist to find the content of the emotional state in 
the sensory excitations arising from the emotional response 
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itself. Thus, to use James’s familiar example, what the 
grieving mother experiences is the coldness and clamminess 
of her skin, the distortion of her face, her labored breathing, 
etc. Similarly, what we feel when we are angry or afraid is 
the mass of bodily and organic sensations aroused by tensed 
muscles and unusual organic activity. Our generalization 
that emotion differs from perception in being conditioned by 
response rather than stimulus, is displaced by the generaliza- 
tion that the content of emotion is determined by proprio- 
ceptive sensory stimuli while that of perception is commonly 
exteroceptive. This proposition, however, is evidently insufh- 
cient to distinguish emotion from perception. Emotion is 
not a mere perception of bodily activity. In addition to 
the sensory elements of emotion it has been customary to 
accept an ultimate feeling-tone, or affective element. The 
nature and number of affective elements has been a notorious 
bone of contention; and, moreover, there has been no agree- 
ment, and usually no clear-cut doctrine, as to the so-called 
neural correlate of affection. But it is significant that it has 
usually been held to depend on the general bodily or nervous 
condition, such as ‘depression’ or ‘excitement,’ rather than 
on a specific nervous discharge. The uncertainty and dis- 
agreement on this point is certainly a symptom of systematic 
weakness. If affective content is admitted to vary with 
general nervous condition or state of activity, the assumption 
that the motor discharge following a given sensory excitation 
plays no direct part in determining content becomes highly 
questionable. 

There is a further distinction between emotion and per- 
ception which, while less obvious, is familiar to psychologists, 
and which is of the greatest significance. It is the charac- 
teristic difference between them in their relation to attention. 
The content of perception is marked by varying degrees of 
attentive clearness. This is not true of an emotional state. 
Indeed it might be said that emotion has no content in the 
sense in which it may be ascribed to perception. When the 
attempt is made to observe an emotion introspectively, the 
emotion vanishes, and one finds oneself noting the beating 
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of one’s heart, or the strain in the back of one’s neck, or some 
such item of bodily condition. It is essential to the mainte- 
nance of the characteristic emotional ‘tone,’ that these 
proprioceptive sensations should remain in the margin of 
attention. What occupies the focus in the emotional state 
is the object to which the emotion is directed, or, to use the 
traditional term, the externally excited sensations which 
form the content of perception. So soon as the organic and 
kinesthetic elements shift to the focus of attention, they 
become thereby elements of a new perceptual content (the 
body). In order that the emotion should persist the atten- 
tion must be fixed upon the content of perception. 

This, then, is the crux of the matter. Since in emotion 
attention is directed to the perceived object arousing the 
emotion, we must ask how such an object is experienced as 
different from the object which is merely perceived and not 
emotionally responded to. It is in the object upon which 
attention is fixed and which is controlling behavior, that we 
must look for the content of the emotion, and not in the body. 
It is only the intellectualism of the theorizing psychologist 
that has found it in the latter place. That the object which 
excites rage, or fear, or love does eo ipso possess its specific 
quality, language abundantly testifies. The person with 
whom we are deeply angry is ‘hateful,’ and we call him so. 
The glance of his eye, the turn of his head, the tones of his 
voice are charged with this hatefulness. The object that 
inspires us with fear is a ‘terrible,’ or ‘fearful,’ object. The 
rumbling of the thunder is ‘ominous’; and the coiled snake 
is ‘loathesome.’ 

These qualities of things, which are discovered to us in 
states of emotional excitement, I shall call ‘affective qualities’ 
(to distinguish them from perceptual qualities and properties, 
such as shape, size, texture, color, etc.). It is these that 
form the content of emotion. It is these that we are aware 
of, or feel, in our emotional states, and not the organic 
activities and muscular tensions. It is true that momentarily 
there may flash up into consciousness the beating of one’s 
heart, or the sinking in the pit of one’s stomach; but it is not 





XUM 


a 
XUM 





EMOTION AND PERCEPTION $15 


these momentary flickerings of attention that are constitutive 
of the essential peculiarity of the emotional state. The 
field of consciousness is never steady in normal life, but is 
constantly streaked across with flashes and flickerings which 
mark the pulses and variations in nervous functioning. To 
feel emotion is to be aware of the affective quality of the object 
or event arousing the emotion. And, conversely, to become 
aware of such an affective quality in an object is to be emo- 
tionally aroused toward that object. 

It will help to prepare the way for the account of emotion 
which I wish to present, if we pass in brief review some 
related and contrasted points in other theories. Of the 
classical school of analytical psychologists, who hold that 
all conscious phenomena are analyzable into complexes of 
processes, little need be said. According to this school, 
emotion and perception are alike complexes of sensation. 
Emotion is distinguished in that (1) there is a strong affective 
coloring of pleasantness or unpleasantness, (2) the sensations 
making up the complex are largely organic and kinesthetic, 
(3) the emotion-complex is never in the focus but always in 
the margin of attention. In emotional states (at least of 
primary sort) the focus is occupied by a perception-complex. 
It is for this reason that, when one tries to observe an emoti 
introspectively, the emotion disappears and one finds oneself 
attending to some item of bodily condition; 7.¢., the marginal 
sensations constitutive of the emotion have become focal 
and ipso facto perceptual. It only remains to add that this 
school takes no account of the affective qualities which are 
immediately experienced as inhering in the object exciting 
the emotion. 

The other classical school, which takes as its point of 
departure, not the idea of process, but the idea of awareness, 
holds all conscious phenomena to be resolvable into the act 
of awareness p/us the content of which one is aware. There 
is a divergence of opinion among the members of this school, 
some holding that differences in conscious phenomena, 
notably in the case of desiring and willing, are due to differ- 
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ences both in the kind of act and in the content; while others 








416 GRACE A. DE LAGUNA 


reduce all differences in the phenomena to differences in 
content. Among these latter, so far as their psychological 
affiliations are concerned, are the American neo-realists, who 
are of peculiar interest to us in that they identify the act of 
awareness with selective activity of the nervous organism in 
responding to those features of the environment and body 
which act as stimuli. Thus, according to them, to react toa 
stimulus is to be aware of that stimulus. The variety in 
conscious life, then, and even what we may call the structural 
complexity of experience, is put on the side of content. 
This method of treatment, which lumps together all classes 
of behavior as response to stimulus and equates this with a 
simple awareness, tends to obliterate the empirical differences 
between such phenomena as emotion and perception. Thus 
the dog, circling around his adversary for attack, is responding 
to the physical properties of his enemy, such as his shape 
and size and the sounds he emits; but he is also responding to 
a no less real property, the inimicalness of the enemy, or his 
hatefulness. So, when we shudder with fear at the coiled 
snake, the neo-realist would describe our experience as a 
response to, 2.¢., an awareness of, the dreadfulness or loathe- 
someness of the reptile, just as our vision of the coils and the 
glisten is a response to, or an awareness of, those physical 
properties. 

Now this neo-realist theory is so far similar to the be- 
haviorist view which is to be presented here, that it recognizes 
the existence of affective qualities and treats emotion as the 
experience of these qualities. But intent upon his general 
philosophical position, the neo-realist has failed to take 
account of the very distinction which sets our problem. So 
far as I know, no attempt has been made by him to explain 
how such a property as the loathesomeness of the reptile is 
related to such sensible properties as its glisten and its shape. 
These perceptual properties may be correlated more or less 
indirectly with physical stimuli, but it would be impossible 
to equate the loathesomeness with a determinate type of 
physical stimulus. Furthermore, the neo-realist has not 
made clear what part, if any, he would give to the alleged 
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proprioceptive sense-data (I use his own terminology) in 
emotion. If present at all as content, they must, on the neo- 
realist view, be present in the same way and stand on the 
same footing as the perceived sensory qualities. What the 
neo-realist is interested in is the ontological status of such 
properties as loathesomeness and hatefulness. The goal of 
his endeavors is to exhibit them as objectively real, as proper- 
ties belonging to the independent world, brought within our 
ken by the selective activity of the nervous system. Their 
distinctive character he ignores. 

Different in background and method as pragmatism is 
from neo-realism, there are affinities between them in certain 
respects which have been the subject of considerable dis- 
cussion. The particular point of interest to us is the prag- 
matist’s realistic treatment of what I have called affective 
qualities. ‘“‘Things are,” says Professor Dewey, “‘what they 
are experienced as.” The windowshade flapping in the 
night, which is invested with nameless terrors before I dis- 
cover it to be nothing but the shade blown by the wind, is as 
really ‘fearsome’ as it is ‘loud’ or ‘intermittent.’ So the 
snake is really ‘loathesome,’ the castor oil ‘nasty,’ the fire 
in the grate ‘cheerful.’ What properties things have is, 
according to Professor Dewey, as truly determined by, as 
determinant of, the response they make. The process of 
determining the response, which constitutes the act of per- 
ception, is at the same time the process of determining the 
stimulus. 

Thus the pragmatist, like the neo-realist, tends to treat 
emotion as the perception of a certain ciass of attributes, 
such as hatefulness, loathesomeness, etc., which may be 
termed affective. What they both have failed to realize, 
or at least to take adequate account of, is the very real 
and important distinction between such affective attributes 
of things and what are commonly regarded as objective 
properties, such as shape, or size, or texiure, the objects of 
perception proper. The coiledness of the snake has a deter- 
minateness, a sort of fixity and solidity, which its loathe- 
someness lacks. It lends itself to description, to the noting 
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of detail. The loathesomeness on the contrary, cannot be 
described; it presents no detail; it can only be felt as ultimate 
unanalyzable this. Moreover, it cannot be attended to in the 
same way. It either vanishes upon persistent scrutiny into 
mere shine and glisten and shape, or it overwhelms one with a 
shuddering. One catches it evanescently in the slimy glisten 
and slow movement, but it is not these nor anything qualita- 
tively determinate. MJutatis mutandis, the same thing is true 
of that nameless overpowering charm which the beloved has 
for the lover. To the bystander or to the would-be sym- 
pathetic friend, the other’s beloved may be fair and lovely, 
as many other women may be; but that peculiar charm which 
the lover celebrates can be experienced only by himself. 
To fall in love is precisely to become aware of this unique and 
inexplicable charm which sets her apart from all others. 
One could not experience this quality, indeed, without 
loving her. Like the loathesomeness of the slimy snake, 
this quality is featureless. One may catch it in the turn of 
the head, the tone of the voice, or in a hundred other per- 
ceived details; but it is none of these. One can only feel it. 

It is evident that these affective qualities have distinctive 
characteristics, which a simple act-content theory is unable 
to take account of, and which pragmatism has neglected. 
Whatever their metaphysical status—and with that we are 
not here concerned—their empirical psychological status 
differs in important respects from that of the perceptual 
properties. 

For these differences behaviorism provides an ample 
ground of explanation. Starting as it does with the assump- 
tion that experienced content is not determined directly or 
alone by the sensory stimulus, but varies also with the system 
of motor response brought into play, that is, with function 
rather than with process, it finds a natural way of accounting 
for the existence of affective qualities and a ground for dis- 
tinguishing them from perceptual properties. The object 
which is experienced as fearful owes this affective quality 
of fearfulness to the fact that the sensory stimulus is arous- 
ing the specific response of fear. Now this response, while 
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it is specific, is not an invariable set of muscular con- 
tractions and organic reactions. Even though we recognize 
by the unmistakable demeanor and ‘expression’ that the 
child or the dog is afraid, we find the task of definite and 
detailed description of the criteria of fear extremely difficult. 
What the recent researches of Cannon and others have brought 
out is that in all strong emotion there are characteristic 
organic disturbances, notably the activity of the ductless 
glands, which have the effect of releasing stores of latent 
energy for the immediate utilization of the voluntary muscles, 
while the digestive processes are inhibited. That is, the 
function of emotional excitement is the sudden energization 
of the body. This is, of course, very important information; 
but it has in itself no bearing on our problem. So far research 
has failed to reveal any specific differentia of fear or rage. 
No activity, either organic or muscular, is universally present 
in all cases of fear or is peculiar to fear. The particular 
reaction brought out on any occasion of fear may be headlong 
flight, frantic struggling, or the trembling suspension of all 
overt activity. All these as well as other activities are 
currently recognized as fear-responses, and rightly, because 
they all belong to a single system of alternative responses, 
genetically and functionally bound together. They are 
functionally related in that they normally serve the common 
end of escape from danger. They have probably arisen as 
differentiations and modifications of some simpler reaction, 
or reactions; and they retain the mark of their common 
descent in the ease with which one form of reaction passes 
into another, trembling inactivity into stealthy crouching 
under cover, or this into headlong flight and calls of distress. 
Any stimulus that brings into play this system of alternative 
responses is experienced as fearful. The common and dis- 
tinctive character of the emotion of fear is not to be found in 
any set of organic and kinesthetic ‘sensations’ excited by 
the emotional reaction. If such sensations were present 
they would vary too much from occasion to occasion to 
account for the identity of the emotional content. The 
identity of the fear-experience is to be found, not in any 
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identity of separate sensory or motor elements of the varying 
nervous activity, but in the unity of the total functional 
system brought into play. The activity of this specific sys- 
tem of fear is, as it were, projected upon the exciting object 
and incorporated in it as the affective quality of fearfulness. 
Hence, in spite of the enormous differences in the sensory 
stimuli coming from feared objects, they are experienced 
as in so far alike. 

Perception, in contrast with emotion, involves no specific 
response, in the sense just described, at all. Yet to say that 
perception has no function in the determination of response, 
or is not itself an element of behavior, would be false. No one 
would today claim that perception is a mere passive recep- 
tivity to sensory stimuli. On the contrary, it is just its part 
in the determination of response that is its essential charac- 
teristic. Professor Dewey has described it as the act of 
‘constituting the response.’ In perception we take an atti- 
tude of readiness to respond to the perceived object in a way 
not yet fully determined. We perceive, in other words, what 
we are attending to and just in so far as we are attending to 
the thing in question. Now attention involves the post- 
ponement of response, and the possibility of the selection of 
alternative modes of response. 
response which is going on during the period of attention, 


There is, indeed, a sort of 
e., the adjustment of sense organs to further and fuller 
excitation from the exciting source—the cocking of ear, the 
tension of head and neck muscles, the fixing of eye, etc., 
which characterize the attentive attitude. The prolonged 
excitation which comes pouring into the cortical centers 
from the perceived object thus has opportunity to bring into 
tentative activity the whole repertoire of muscular reactions 
and, 


the final response. What Professor Dewey has pointed out 


1, by mutual inhibition and reinforcement, to constitute 


is that this process is a reciprocal one, and that the constitution 
of the response is at the same time the constitution of the 
stimulus, considered as a psychological factor. Aside from 
the part the stimulus has in the total nervous activity, it is 


merely a physical event. It is psychological only in so far 


as it is a functional element. 
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If this is true, the perceptual qualities of things are not 
determined by the nature of the stimulus considered as 
excitation of end-organ or sensory center. We are in the 
habit of thinking of sameness of perceptual content as being 
sufficiently conditioned by sameness of sensory stimulus, but 
a little reflection shows that this assumption is far from true. 
We may see and recognize the same house, the same land- 
scape, the same face on different occasions, although the 
actual visual stimuli acting on retinal end-organs vary widely 
from occasion to occasion. Moreover, the perceptual con- 
tent, 1.c., what we perceive, may vary considerably while the 
sensory stimuli remain relatively constant. For example, 
the disk of the full moon looks different as we see in it now the 
face of the friendly ‘man’ or the profile of the lovely ‘lady.’ 
Similar and even more marked changes occur in those puzzle- 
pictures which at first view present merely a confused mass of 
lines and blotches, but which reveal to a more persistent 
scrutiny a deer, aface,or what not. Once the hidden object 
flashes into view, it is often wholly beyond one’s power to 
see the picture as the mere confused mass it formerly appeared 
to be. 

The principles by which perceptions are individuated 
and classified are not to be deduced from any mere likenesses 
and differences in stimuli received. It is not that the specific 
character of the stimulus does not count, but it counts only 
as a factor or element in a functional system. 

To perceive something is not to respond to it in any 
particular way. It is rather to take an attitude of readiness 
to respond in some way not fully determined. It may be 
said that the capacity for perception, 1.¢., for a cognitive 
awareness of the object, is the capacity for postponing response 
and thus for the selection of alternative possible responses to a 
relatively specific stimulus. The distinctive characteristic 
of the stimulus perceived, as contrasted with the stimulus 
emotionally felt, is the indirectness and complexity of its 
relation to response. We may generalize the relation of 
cognitive awareness to affection thus: In so far as a stimulus 


is calling into play a specific type of response, telonging to a 
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single genetic and functional system, it possesses the affective 
quality experienced in emotion; in so far as the stimulus calls 
into play an attentive postponement of response, it arouses 
cognitive awareness and possesses perceptual quality. 

Now it is obvious, if this generalization holds, that cog- 
nition and affection are not antagonistic to each other, or 
mutually exclusive. They are, on the contrary, correlative 
moments in behavior, and as such clearly distinguishable. 
An emotion is never felt except in conjunction with some 
perception. One may be all charged, so to speak, with 
irritation or timorousness and just ready to be angry or to 
be afraid on the slightest provocation; but the anger or fear 
when it comes centers about some perceived object or event. 
In order to be angry one must be angry at something. To 
be angry at this thing is to assume an attitude of attack or 
menace, to be ‘set’ for destructive action. The particular 
form which this anger-attitude is to take, however, is variable. 
It remains to be determined, and progressively determined, 
by the exigencies of the occasion. The angry dog is charged 
with hostile intent; he is ‘set’ for growing and snarling, for 
leaping and biting; but whether he growls or leaps, just 
when he bites, and where—all this is determined by the acts 
and position of his adversary, 1.¢., by the perceived features 
of the situation. It is just the relative indeterminateness 
and the variability of the anger-response that necessitates its 
dependence on the determining action of perception. 

Each animal organism is endowed with inherited modes 
of response congenitally organized more or less completely. 
Thus, for example, a member of the cat family will exhibit 
very early the attitudes and movements characteristic of the 
pursuit and attack of prey. At first these are brought out 
by a variety of stimuli, often in a ridiculously inappropriate 
fashion. Even when the exciting stimulus is a natural object 
of prey, the various elements of the total response are badly 
coordinated with a view to successful capture. The stalking- 
period is too short, the grass is too obviously stirred, the 


But 


spring is premature, and from the wrong position, etc. 


gradually the function becomes perfected. If the prey is 
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not in a suitable position, the stalking is postponed, or a 
detour is made. A dozen circumstances serve to retard or to 
hasten, to modify and vary, the various stages of the pursuit. 
At any point it may be abandoned altogether, or taken up 
with a fresh orientation. Moreover the whole mode of 
procedure is varied according to the kind of prey hunted. 
Now this development and perfecting of the hunting-response 
is conditioned by a development of perception in the animal. 
At first, when the abortive reaction is set off almost regardless 
of circumstances, such perception as occurs is of the vaguest 
and simplest. Perceptual and affective qualities are scarcely 
differentiated. Even the prey itself is not distinctly per- 
ceived until the response called out is adapted both to the 
kind and to the special circumstances. Its discrimination 
as prey depends on the discrimination of other objects and 
items as definitely determinative factors in the total situation. 
For an object or item to be perceived it must have acquired 
the power to function as an element or factor in the total 
situation. It must be a conditional determinant of response, 
in a more or less definite and systematic way. 

Perhaps the grasping child will serve to illustrate more 
fully this distinction. When the grasping period begins, 
the baby reaches out both arms in an aimless jerky fashion. 
He is ‘set’ for grasping, and almost any visual stimulus which 
arouses fixation suffices to initiate this response. At this 
stage the baby cannot safely be said to see the exciting ‘ball’ 
or ‘rattle’ or ‘face’ or ‘light.”. He cannot be said to see any 
‘thing’ whatsoever, for the simple reason that he gives no 
evidence in the way of discriminatory behavior. All these 
stimuli are, however, undoubtedly exciting and attractive, 
although the words carry too definite a meaning properly to 
describe the formless content of the baby’s experience. But 
discrimination rapidly develops. Not only is there pre- 
ferential selection among the things grasped, but the move- 
ments of body, arm, and hand are adjusted to position and 
distance of the thing grasped for. As this coordination is 
consummated, and the hands reach the object of their search, 
they fumble it over and bring it to the mouth. So gradually 
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is brought about that complex adaptation of grasping and 
manipulating movements, not only to position and distance, 
but also to size, shape, and even texture. Not until these 
complicated systems of response are organized does perception 
of the thing as object having position and solidity, shape 
and size, come into being. 

Let us note more closely the relation of the perceived 
property of distance to the behavior of the grasping child. 
What sets the child to grasping at all at the object is the 
vaguely yet specifically attractive look of it. But the 
nice adjustment of leaning just so far in such a direction, 
and stretching out the arm just so far, and moving the wrist 
and fingers just so far, is controlled by the pattern of the 
sensory excitation from retina and eye-musculature. There 
is no simple one-to-one correlation of sensory excitation with 
motor reaction, in which each variation in excitation calls 
out its own specific variation in response. On the contrary 
since a given distance and position may be represented by a 
number of different sensory complexes, these functions are 
equivalent. That is, each and every such complex serves as 
stimulus to that codrdinated sequence of tensions and flexures 
which results in the fingers’ touching the object so placed 
with reference to the child. But this sequence of movements 
may vary considerably. One may bend the body farther 
and stretch the arm commensurately less; or, if one bends 
first to one side, one must compensate by stretching the arm 
differently. As bodily skill develops, one learns to execute 
a multitude of combinations of movements, each of which 
results in bringing the fingers in contact with an object in the 
given position. The perception of position, then, is condi- 
tioned by the development of a complicated functional 
system, the characteristic feature of which is the correlation 
of a variety of equivalent patterns of sensory complexes with 
a variety of equivalent patterns of motor complexes. 

The account just given is of course merely schematic. 
The interweaving of sensory and motor patterns is enormously 
more intricate than has been indicated. Perception of 
spatial position and distance of an object involves not merely 
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the capacity for reaching it with the hand, but for walking 
around it, avoiding it in movements directed toward other 
objects, and, not least important, for dealing with it indirectly 
by means of other objects in a thousand ways. 

The perception of spatial properties is of course peculiarly 
rich in the wealth of definite and detailed correlations by 
which it is conditioned. But a similar type of schema under- 
lies all perception. The concrete perception of any object is 
made up by a complex of sensory patterns of position, shape, 
size, texture, etc., each of which has its own subordinate 
correlations with motor patterns, and which possesses in 
consequence a certain degree of what may be called functional 
independence; that is, it may appear as a factor in other total 
complexes having the same potential value as a conditional 
determinant of response. 

What is true of the perceptual properties which belong to 
the object is true of the perceived object as an individual 
totality. It too is represented by a great variety of sensory 
patterns, corresponding to the view of it in different positions 
and illuminations in different states. These are all united, 
in spite of their diversity, by their functional equivalence. 
Thus any view of a familiar plaything may serve as well 
as any other view of it to initiate the type of play-response 
appropriate to the particular object, although the detail 
of the movements of walking toward it or climbing for it 
will vary with its position on table or on high shelf. It is, 
indeed, the functional equivalence of the varying sensory 
complexes aroused by an object that forms the basis of the 
recognition of it as the object—ball, or knife, or mother 
which it is. 

The parts which emotion and perception play in behavior 
we have seen to be characteristically different. The dis- 
tinctive peculiarities of the content belonging to each of these 
functions correspond to the part played by each. The 
affective qualities of things represent the immediate and 
direct functional value which the things possessing them 
bear to the animal, and they control specific type-reactions 


directed to the thing thus qualified. The perceptual qualities 
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of things represent indirect and conditional functional values. 
They control the detail of activities, whose general form is 
dictated by some type of affection. Their capacity for this 
control of detail is conditioned upon the development of 
complicated systems of nervous activity, in which groups of 
differing sensory patterns have like functional relations with 
corresponding groups of differing motor patterns. Per- 
ceptual qualities and properties are thus conditional factors, 
possessing, because of their conditionality and systematic 
interrelationship, functional independence. It is the func- 
tional independence of the perceptual quality that gives it 
its attentive clearness, its qualitative distinctness. It is the 
wealth and variety of its functional relationships which 
makes it a fit subject for description and comparison. The 
featurelessness of the affective quality, on the other hand, 
its indescribability, is due to the very simplicity of its relation 
to the organism. Because it is relatively unconditional in its 
control of behavior, and is not a factor having a determinate 
place in a vast system of nervous organization, it eludes 
attentive scrutiny. Because to experience it at all is to be 
already committed to a specific type of response, it can only 
be felt, and not cognized. 

As emotion and perception are correlative to each other, 
so in a more general sense do affection and cognition play 
complementary parts in the economy of life. It is our feelings 
that furnish the springs of action; it is our intelligence that 
guides and directs that action. By virtue of their affective 
qualities, objects and fellow-beings, situations and events 
become ends of action; for affective qualities represent the 
direct functional relations which things bear to us, their 
power to work us weal or woe, to satisfy our needs or thwart 
our activities. They arouse us; they fill us with longing or 
with aversion; they beckon us on or warn us away. They 
form as it were the foci of the larger curves into which the 
course of living falls, the points of reference for the deter- 
mination of general direction. ‘The properties and relations 
of things, on the contrary, which our intelligence discovers, 
and which are constitutive of them as entities making up an 
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interrelated but independent world, have no direct and simple 
relation to our needs and capacities. The understood causal 
relation of events, like the perceived shape of objects, leaves 
us cold. It may have an interest for us, but it is rather as 
a means than as an end. It represents a sort of condensed 


expression for a multitude of definite conditionalities. It 


says, as it were: If you will gain (or avoid) one object, you 
must deal thus and so with another. If the affective qualities 
determine the larger curves and the greater changes of direc- 
tion, it is the cognized properties and relations that account 
for the complicated twistings and turnings and interlacings 


which mark our course. 








DARK-ADAPTATION WITH ESPECIAL REF- 
ERENCE TO THE PROBLEMS OF 
NIGHT-FLYING 


BY PERCY W. COBB, Captain, M. C. 


Vedical Research Laboratory, Hazelhurst Field, Mineola, L. I. 
INTRODUCTORY 


This work was undertaken with a view to designing a 
method whereby the visual fitness of the aviator for night- 
flying might be tested. His absolute sensitiveness for light 
is one datum sought. Another is his rate of recovery after 
the relative blinding following exposure to light for short 
periods. 

Researches heretofore made on dark-adaptation have 
shown that in the course of an hour spent in the dark the 
sensitiveness of vision for light increases gradually, and may 
in the course of the hour increase several thousandfold over 
its initial value;! or less according to the duration and the 
intensity of the light to which the eyes have been previously 
exposed;? until a point is reached beyond which no further 
change is to be found. 

The present work contemplated exposing the eyes of the 
observer to light of a standard intensity for certain measured 
periods of time, and subsequently investigating the course 
of his light sensitivity. Since from what has just been said 
it appears that exposure of the eyes to light prior to the time 
the observer comes under investigation may produce effects 
which do not completely wear off in less than an hour, it was 
necessary, before beginning the experiment proper, to make 
sure that the observer had reached a standard and reproduc- 


1 Piper, ‘Ueber Dunkeladaptation,’ Zettsch. f. Psychologie u. Physiologie d. Sinnes- 
organe, 31. See also Lohmann, ‘Disturbances of the Visual Functions,’ Blakistons, 
Philadelphia, 1914, Chapter V. 

2 Nicola!, Zentralblatt f. Physiologie, 21, vide Lohmann, Disturbances of the 
Visual Functions, 1914, p. 71; and Rabinowitsch, Zettsch. f. Augenhk., 19. 
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ible condition. The obvious way to accomplish this was to 
measure his light sensitivity from time to time, as he re- 
mained in the dark, until a stage was reached beyond which 
no further increase was noted. It was then assumed that 
his vision had become completely dark-adapted, and was in ; 
state which could, for the individual and for experimental 
purposes, be taken as a standard. The actual experiment 
began after this point had been reached. 


APPARATUS AND METHODS 

The test of light-sensitiveness is, in the first instance, the 
photometric brightness of a surface which is just visible with 
certainty. The instrument by which such a dimly-bright 
surface is maintained and its brightness known is the adap- 
tometer. The particular one used here was designed on the 
fundamental principle proposed by Nagel,' with certain 
technical modifications. It consists of a box, made of 14-inch 
white pine, 29 inches (73.6 cm.) long, 8 inches (20.3 cm.) wide 
and 714 inches (18.4 cm.) high, inside measurements. <A 
14-inch cross-partition divides its length into two compart- 
ments 11 inches and 174% inches (27.9 and 44.4 cm.) long 
(Fig. 1, 4). At the outer end of the longer one of these 
compartments a milk glass, MG, 5 inches (12.7 cm.) square 
is attached to cover a somewhat smaller opening. ‘The test- 
pattern is projected upon the inside of this glass by an optical 
arrangement which is in effect a miniature stereopticon, 
consisting of a projecting lens, P, supported in an opening in 
the cross-partition; and within the smaller compartment 
condensing lens, C, and an electric lamp, ZL, together with 
a ‘slide,’ S;. This last is a thin slip of brass in which openings 
are cut (Fig. 1, B), the image of the openings projected on 
the translucent screen, MG, being the test-pattern viewed by 
the subject. 

The lamp is a 12 c.p. tungsten-filament auto headlight 
lamp, rated at 6 to 8 volts, 2 amperes, with a 1!4-inch spheri- 
cal bulb. It was actually operated at 1.75 amperes to avoid 
too rapid deterioration. The current was supplied by a small 


' Zeitsch. f. fu renhk., 17, 3- 
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storage battery and controlled by rheostat and ammeter. 
The lenses are 11-inch ophthalmologists’ trial lenses removed 
from their rims. C is of 18 diopters, and P of 13 diopters’ 
power. The first focuses the image of the lamp filament 
upon a slit, S. (Fig. 1, 4), the distances being such, that a 


reduction in size as 5: 3 takes place. That is, LC is 14.8 cm. 
and CS’ 8.9 cm. approximately. The slit is 144 mm. wide by 
1omm. high. The amount of light entering the slit is reduced 














Fic. 1. The adaptometer. A, plan of the instrument in section. See text 
for explanation. B, the slide, showing the test-pattern in the two positions. The 
face of the projection lens is indicated, for one position of the slide, by the dotted circle. 


by a ground glass, GG, and, by way of adjustment, may be 
further decreased by moving the glass farther from the lamp. 
he last adjustments as to the relative positions of these 
parts were made without the ground glass in place so that 
the image of the slide, S,, was accurately focused upon the 
milk glass, MG.!_ It was then determined just where the 
1The distances determining the size of the test-pattern are S;-P 9.2 cm. and 


P-MG 46.2 cm. approximately. The magnification is here as 1 : 5. 
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image of the lamp-filament fell and the slit was permanently 
placed at just the same distance from the cross-partition. 
This was accomplished by mounting the lamp, condensing 
lens and slider (LZ, C, S,) in their proper relative positions 
permanently on a small table which could be shifted about 
slightly and then clamped. 

The finer changes in the brightness of the test pattern, 
necessary during the experimental procedure, were brought 
about by an absorbing wedge (W), of which the light trans- 
mission varies by indefinite gradations in the ratio of 29,100 : I 
between its extreme positions 100 mm. apart. This is 
mounted immediately behind the slit, between it and the 
projecting lens, and is provided with a millimeter scale and a 
mechanism by which it may be shifted from the outside of 
the box. It was found by photometric measurement that 
the brightness of the test-pattern was 0.0272 candles per 
square meter when the wedge was set at zero of the scale. 
In such a wedge the change in the amount of light transmitted 


. 
TABLE | 

Tue PHoToMetrRic BRIGHTNESS OF THE TEST PATTERN, IN CANDLES PER SQUARI 

Meter, FoR Eacu CENTIMETER OF THE ADAPTOMETER SCALE. THE COLOGARITHM 

OF THE SAME WITH THE DIFFERENCE FOR EACH MILLIMETER DIVISION, FROM O TO IO. 


Proportional Parts 








Candles per Sq. Meter Scale, Cm. Colog. C. P. Sq. M. 

Mm, Diff. 
272 X 10° fo) 1.566 fe) 0.000 
973 X 10° I 2.012 I 0.045 
348 2 2.458 2 0.089 
102 3 2.905 3 0.134 
440 X IO" 4 3-351 4 0.179 
159 5 3-798 5 0.223 
570 X 107° 6 4-244 6 0.268 
204 7 4.690 7 0.312 
730 X 10°° 8 5-137 8 0.357 
261 9 5-583 9 0.402 
935 X 10°? IO 6.029 10 0.446 


is in a certain constant ratio for each equal linear shift of the 
wedge. In the wedge used each shift of lo mm. from 0 toward 
100 mm. was found to change the amount of light transmitted 
by the factor 1/2.795 or 0.358. The relation between scale 
reading and brightness is best worked out by logarithms and 
is as indicated in Table I. Ato mm. the brightness is 0.0272 
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c. per sq. m., logarithm —1.5656. The logarithm diminishes 
by 0.44638 for each cm., or by 4.4638 for tocm. In the table 
the negative signs are dropped, hence the figures are cologar- 
ithms from which brightness may be directly found. As they 
stand in the table the logarithms may be taken as expressing 
the grade of sensitivity corresponding to the respective 
scale-readings.! 

The test-pattern itself is in form a pair of bars of such 
dimensions that they represent the remainder of a square 
after its middle third is removed. Two such patterns were 
cut in the slide (Fig. 1, B) in such a way that the image 
might be shown in the horizontal or in the vertical position. 
Each opening in the slide is 15 x § mm. and the strip left 
between the two, in each pair, is 5 mm. wide. 

Directly above the test-pattern and on a level with the 
eyes of the observer is a fixation-point (Fig. 2), consisting 
of a 4- to 6-volt, tungsten filament, tail-light lamp operated 
on one dry cell. The light from the lamp, operated so much 
below its rated voltage, was dim and reddish and it was 
further dimmed by coloring the lamp with red dip and by 
interposing layers of paper between it and a diaphragm (with 
an opening of about 6 mm. diameter) which is directly in 
front of it. The fixation point was kept just bright enough 
to be located in the dark. Its distance from the eyes of the 
observer was 52cm. The center of the test-pattern is 12 cm. 
below the fixation point, and therefore 13 degrees below the 
center of the visual field. The test-pattern subtended 
about 8 degrees both horizontally and vertically in the visual 
field. A sliding shutter (Sh, Fig. 1, 4) was arranged to 
darken the test-pattern completely except when actual! 
observations were being made. 

During the progress of the experiments in the dark all 
light, except that from the adaptometer, that from the fixa- 
tion point, and that from a small reading lamp, was excluded 
from the room. This last is a 4- to 6-volt tail-light lamp, 
yperated on a single dry cell. It was used in recording the 
f expressing the grade of dark-adaptation is quantitatively different 


1 This mode of 
from that proposed by Best (Arch. f. Ophthal., 76, pp. 146-58) but the same in 


mathematical principle. 
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results and was always kept well shaded. Possible stray 
light from this and other sources was kept from the observer 
by a black felt curtain. 
PROCEDURE 

The subject was seated in darkness before the adaptometer 
with his forehead just touching a fixed support, and fixated 
the red fixation-point (Fig. 2). The shutter was opened for 
approximately one second and he was asked to state whether 
he saw the test-pattern, and if so, in what position. By 
repeated trials the point on the scale was found at which he 
was just able to report the position of the test-pattern cor- 
rectly. The time was immediately taken and entered in 
the record along with the scale reading. This was repeated 
at intervals of about five minutes, the subject resting in the 
mean time. Usually the subjects had been spending the 
last hour or two, before the room was darkened, in some part 
of the laboratory and as a consequence the time required to 
reach a constant threshold was less than an hour. In 
general, at the end of twenty or thirty minutes it was found 
that two or three readings had been taken which were in 
agreement to within the limits of precision of the method. 

When this point was reached a white screen was placed 
before the eyes of the subject, leaning against the front of 
the adaptometer at a definite inclination; and the center 
light of the room was turned on. The subject was instructed 
to maintain his position and direct his eyes toward the center 
of the screen. In preparation for what was to follow, the 
test stimulus, set at a certain point, was exposed by drawing 
the shutter. Five minutes from the time the light was 
turned on the screen was quickly removed and the light 
turned off after an interval of perhaps one or two seconds in 
which the observer could locate the fixation point. He 
remained at this fixation until the test stimulus, at first 
invisible owing to the five minutes blinding, became visible 
tohim. The time required for this to take place was noted. 
Subsequently readings were taken as before, but somewhat 
more frequently, until the former absolute threshold was 


again reached. 
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Finally, the white screen was replaced and the procedure 
of the last paragraph repeated with fifteen seconds exposure 
to the white screen, in an exactly similar way. From the 
time the subject entered the room until the end of this third 
portion of the experiment the whole procedure occupied 
from an hour to an hour and a quarter, according to the speed 
of the subject in recovering his absolute threshold. 

The screen used for ‘blinding’ the subject was a sheet of 
white blotting paper 24 by 1g inches, mounted on a light 
frame. Its angle of inclination and distance from the eyes 
were sucli that it subtended, at the eyes, an angle of 67 degrees 
vertically and 70 degrees horizontally in respective planes 
through its center. Its lower half was nearer the observer, 
consequently including a larger angle, easily including that 
part of the visual field occupied by the test-stimulus and 
much more in every direction. The photometric brightness 
of this screen averaged 13 candles per square meter by actual 
measurement. 

RESULTS 

The various values for sensitiveness were plotted, each 
against the time at which it wis obtained. Thus each 
experiment yielded three curves as in Fig. 3. The first of 
the three began with the state of adaptation in which the sub- 
ject happened to be and was carried on until his absolute 
threshold had been reached. This was taken as one datum 
in his case. 

The second curve represents his recovery after five 
minutes blinding! by a surface of standard extent and bright- 
ness. Here the question was rather his rate of return to 
dark adaptation than the ultimate point. The first datum 
here, in the chronological course of the experiment, was the 
time required to see an initial stimulus, already exposed 
when the room was darkened, as his dark adaptation pro- 
gressed and the sensitivity of his vision grew sufficient to take 
account of it. At this stage the increase in sensitivity is 

! The word ‘blinding’ is used here for want of a better and equally short expres- 
sion, meaning only that effect, due to which the subject is relatively and temporarily 


blind to stimuli of the very low intensities considered. 
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rapid, for which reason the technic just described was made 
use of. The method was not satisfactory in that the whole 
result depended upon a single judgment of the observer. 
If for any reason he failed in this, as happened on certain 
occasions, there was no way of repeating without unduc 
expenditure of time. The results so obtained are neverthe- 
less given and are not, on the whole, without significance. 
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Fic. 3. Specimen plot of one experiment. The first curve was taken without 


preparation. In this case the mean of the last three points (79.5 mm.) was taken 


as the absolute threshold, and its location on the plot is indicated by the horizontal 


interrupted line. The two blinding periods are indicated by the vertical interrupted 


lines. The return of both curves to the exact value of the mean absolute threshold is 


simply coincidence; usually there is some discrepancy. 


It could not, of course, be predicted when the subject 
would reach a given degree of sensitiveness. Every exposure 
to the test stimulus seemed to blind the subject slightly, 
especially in the later and more complete stages of dark 
adaptation, where the disturbance might amount to a number 
of millimeters on the scale. When, after a waiting interval, 
the right point was hit upon, rather by accident, the stimulus 
might be seen at a very low value; whereas after several 
trials by the trial and error method a new and larger value 
(lower on the scale) would be found; the subject in the mean 
time being unable to repeat the initial observation. It 
would seem then, that the first point, taken with the stimulus 
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set and exposed on increasing dark adaptation immediately 
after darkening the room, is not strictly comparable with the 
later observations, taken by a trial and error (perhaps 
better called a ‘bracketing’) method, with the stimulus 
darkened in the intervals. In general a rapid method had 
to be used, since the quantity measured was, for the most 
part, continuously changing; and a different and more rapid 
method had to be used to get an index of the initial rapid 
rise within the first minute or so. 

A study of all the plotted curves led to the selection, for 
the purpose of discussion, of a comparatively few data. 
Some of these rest upon an arbitrary basis, but all the possi- 
bilities are involved. 

Those so selected are: 

1. The absolute threshold. 

2. (a) The time required to reach an arbitrary, rather 
low degree of sensitiveness, obtained by noting the instant 
that the test stimulus appears to emerge from the darkness. 

(5) The time required to reach an arbitrary level (70 mm. 
on the scale) obtained by linear interpolation from the curve 
of rise. 

(c) The time required for the individual to reach a point 
on the scale 15 mm. short of his own absolute threshold. 

The data indicated under (2) comprise two parallel sets, 
the one following five minutes blinding, the other following 15 
seconds. It will be noted that while (a) and (b) under (2) 
are data relative to fixed stimuli those under (c) are relative 
to the subject’s own standard and will indicate his individual 
capacity, rather his individual rate of recovery than his com- 
petitive performance under given external conditions. The 
data just described are given in Table II. The arrangement 
of the observers here in the upper block of the table is approxi- 
mately in the order of magnitude of the absolute threshold, 
the third column giving the same in terms of the adaptometer 
scale, the fourth giving the corresponding logarithmic sen- 
sitivity (the cologarithm of the brightness in candles per 
square meter). The fifth gives the brightness itself in hun- 
dred-millionths. The first value in this column is thus 
0.00000134 candles per square meter. 








Co 


The absolute threshold is stated (1) in terms of the scale reading, 
cologarithm of the brightness of the test-pattern and (3) as that brightness itsel 
hundred millionths of one candle per square meter. 

Under ‘AT-15’ 
mm. below his own absolute threshold on the scale (which is photometrica 


times as bright). 


Similarly, under ‘70 mm.’ and ‘50 mm..,’ the times of return to these respective 
points on the scale, as described in the text. These two points are respectively of 
0.0000204 and 0.000159 candles per square meter brightness. 

The lower block of the table gives the comparative results of repetition of the 
same experiment upon each of three observers, except in the case of W, in whose case 
the order was reversed and 15 seconds blinding given first. 

The same was the fact in the case of observer M, in the upper b 
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TABLE II 


Tue ReEsutts oF THE Dark ADAPTATION EXPERIMENTS 





is given the time of return of the individual to a threshold 
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In the last column the asterisk (*) indicates that the course of : 


too rapid to permit of taking the time as the first point (50 mm.-+) was reached. 

















Absolute Thresho!d AT-15 Mm, 7o Mm. 

Sec. After Blind- Sec. After 

Ro SF vo Rs : slinding 

Date Obs. Scale Sq M Sq s Blinding 

Ma.) eo | a ct a 
teat said 5 Min. | 15 Sec. Irs Sec. 

Nov. 7, 718 96.5 | 5.873 | 134 | 300 106 76 
Dec. 20, ’18 91.5| 5.650] 224 | 385 84 66 
Jan. 6, ’19 88.5/ 5.516] 305 315 82 72 
Jan. 7, 719 88.0| 5.494 | 321 291 —- — 
Jan. 17, 19 88.0| 5.494 | 321 160 76 66 
Oct. 43, "18 87.0| 5.449 | 356 140 — — 
Nov. 4, 718 89.0} 5.539 | 289 86 43 36 
Jan. 37, "19 86.0] 5.405 | 394 | 204 87 83 
Jan. 18, 719 83.5 | 5.293 | 509 | 281 95 99 
Jan. 8, 719 81.5 | 5.204 | 625 300 63 75 
Jan. 3, 719 82.5] 5.248 | 565 135 SI 56 
Jan. 17, 719 | 81.0| 5.182 | 658 129 70 87 
Nov. 13, 718 79.5| 5.114 | 769 192 70 87 
Nov. 26, 718 77.0| 5.002 | 995 212 44 60 
Jan. 14, 719 77.0} 5.002 | 995 86 56 82 
cc, Re! See 85.1 | 5.364] 497 214 71 73 
M. V. 4-5] .201 | 218 78 16 12 
Nov. 7, 718 | \ R J 96.5| 5.873 | 134 | 300 | 106 76 
jan. 16, "I9:| J | | 92.0] 5.672 | 213 265 98 74 
Oct. 31, 718 | | Ho | f 87.0/ 5.449 | 356 | 140 — — 
Nov. 1, 718 | f | \ 87.5} 5.471 | 338 177 — — 
Nov. 9,’18|\w | {80.5| 5.159 | 693 | 25 52 
Jan. 18, 719 J | | 83.5! 5.293 | 509 281 95 99 


It will be seen that the variations here are quite large, 
134 and 995 hundred-millionths being the extremes, which 
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are as I to 7.4. On this account it seemed more rational to 
average these logarithmically, thus arriving at the geometric 
mean as has been done in columns three and four, than to 
average the numerical values of column five. The following 
figures show the results of the two methods comparatively: 


Geometric Mean 
Arithmetic Mean 
Cologarithms | Numerics x 10% 








Mean...... Sin irs sedeten Dao — 5.364 433 497 
+5 Se ee ee + 0.201 — + 218 
NN He ON eg orc secede wesw Me: — 5.163 687 715 
Mean — m.v..... ek — 5.565 272 279 


The arithmetic method gives a larger result with a range of 
variation only slightly broader. 
The remainder of the table consists of the various data 
just enumerated. 
Discussion 
The meaning of the results will perhaps be more readily 
apprehended from Table III. Here the results in each 
Taste III 


Sim1Lar To TABLE II (a.v.) Grvinc Ratincs INSTEAD OF EXPERIMENTAL VALUES. 


The ratings are 1 to 5 in order of superiority, 3 indicating the average class. 











| AT-15 | AT-15 | 70 Mm. | 70 Mm.| 50 Mm | <oMm. 




















Date | Obs. AT 5 Min. | rs Sec. | 5 Min. | 15 Sec. | 5 Min. | 15 Sec. 

Nov. 7, 18.. R gt & 5 2 3 2 3 
Dec. 20, 718... .| Do I 5 4 I 2 3 2 
tsa, 6, ‘29... | O x 4 s 4 3 3 5 4 
jan. 7, °I9..; Sh 2 i 4 - 3 5 

Jan. 87, 80... | G 2 2 , i 2 2 : } a 
et. 35, "%B:..:..; Ho 2 2 - 2 I - 
Nov. 4, 718.. Si 2 I I I I I 2 
Fan. 27,19... .:. |} Co 3 3 4 2 4 4 3 
Jat. 86,30; W 4 4 5 4 5 5 3 
Jan. 8, °50.... B 4 5 2 5 3 5 I 
en. 3, W:. a Le 4 2 1 2 I 3 4 
7On, 87, OO ckk.csss| Be 4 I 3 4 5 2 2 
708; 03, 00... | Hn 5 3 3 5 5 2 5 
ae i M 5 3 i 5 2 I * 
fan. 14, "00; ... * 5 I 2 3 4 2 5 
Nov. 7, 18... | R I 5 5 2 3 a ae 
Jan. 15,19... Sf I 4 ‘ 2 3 I 2 
Oct. 3%, “8... Ho ¢ 2 2 2 I 

Nov. 1, 18... ak 2 2 - I I - 
ah SSO ae | w ! a oe I 5 I 5 ° 
406. 36, "39... | f \ : } 4 5 4 5 Fs 
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column in the first section of Table II. have been ‘rated’ 
in five classes, according to the theory of probability, in 
such a way that out of an indefinitely large number of cases, 
of which these fifteen may be considered a sample, one fifth 
showing the most favorable values would rate 1, the next 
fifth 2, and so on, the lowest fifth rating 5. Thus 3 would be 
the rating of the intermediate fifth of the whole number, the 
group of one fifth falling nearest the average. 

This was done independently for each column of results 
(excepting the actual brightness, column 5, Table II.) and 
the ratings are given in Table III. It was found that those 
rating higher as to absolute threshold were, on the whole, 
slower to return to within 15 mm. of that point (“AT-15 mm.’). 
Accordingly, the arrangement of the observers in the table 
was based in these two considerations and the same arrange- 
ment followed in constructing Table II. 

This fact, upon a few moments reflection, is not surprising. 
The observer who has a very low absolute threshold is taken 
farther from it, so to speak, in adapting to the standard 
blinding brightness and might be expected, other considera- 
tions equalized, to be longer returning to it, or to a point 
remote from it by an equal interval, and is not necessarily 
slower in getting back to a given threshold. For example L, 
rating 4 as to absolute threshold, rates on the whole almost, 
if not quite, as well as R or Do in point of his return to 70 or 
to 50 mm. 

It is fortunate that Table III exhibits in four individual 
cases four types of adaptation. These are: high and low 
grade adaptation, each with rapid and slow recovery as 


indicated: 


Absolute Sensitivity 


High Low 
Quick Recovery mn Crs, (1,2) 
Slow Recovery... . R 1, (5,5) W 4, (4,5) 


The plotted curves for these are reproduced in Fig. 4. 
The curves for the other observers, drawn from the obser- 
vations following the 5 minutes blinding, fall within the 
limits of these, except for one or two which intertwine with 
one of the extremes appearing in the figure, and except for 
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two special cases (which will be discussed later) in which the 
curve distinctly drops below the lowest one of the four. 

It will be noted by comparison of the curves of R and Cr 
showing respectively high absolute sensitivity with slow 
recovery and the reverse, that Cr is somewhat more quick 
than R in reaching a given simulus, up to the neighborhood 
of 7omm. The case is somewhat different if we compare the 
curves of R and Cr, resulting after 15 seconds blinding, as 
they appear in the right-hand portion of the plot. Here Cr 
appears to be the slower and this would, in all probability, 
be shown more definitely if the curves could have been 
drawn from more abundant data and more in conformity 
with the course of the absolute threshold instead of being, 
as they are, simply broken lines joining rather widely separ- 
ated points. 

Examination of all the curves points to a possibility of 
dividing the course of adaptation, for the technical purpose of 
studying and testing individuals, into two portions: the 
early abrupt rise out of the relatively blinded state, and the 
late, slow approach to the absolute threshold. The tentative 
limits of these are indicated in the plots (Fig. 4) by the dotted 
lines—in the case of 5 minutes blinding all observations 
after five minutes and above 70 mm.on the scale (within the 
dotted right angle) being classed in the latter portion of the 
curve; the corresponding limits being 2/4 minutes and 76 
mm. in the case of 15 seconds blinding. All this, of course, 
is tentative and is to be taken in connection with what is 
subsequently to be said in regard to the practical phase of 
the subject and the photometric conditions which the vision 
of the aviator has to meet in actual flying. 

Examination of Table III., columns headed 70, shows that 
the first seven observers having the lowest absolute threshold 
return to the point 70 on the scale in better time, on the whole, 
than the average, and the last seven observers in slower time. 
The point 70 mm. therefore reflects on the whole rather the 
absolute threshold than the individual’s speed of recovery.! 

£ 


!'The variations in the average times of recovery under the different experi- 


mental conditions, to be expected concomitantly with different degrees of absolute 
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Under the head 50 mm. the distribution of ratings is seen to be 
more even, regardless of the two individual factors. These 
latter results (time to reach 50 mm.) are however less complcte 
and less trustworthy than the former. It can only be said 
that a selected point on the scale, taken as the sole basis of 
rating and reflecting on the average neither the absolute 
threshold nor the individual rate of recovery (that is, giving 
equal weight to both) would have to be chosen somewhat 
below 70 mm. on the present scale. 

The degree of uniformity with which results may be 
reproduced in successive experiments is indicated by the 
figures in the lower blocks of Tables II. and III. In the 
cases of Ho and R, the ratings are either identical or, in some 
cases, one stage apart. The wide difference in the case of 
W is accounted for. In the experiment upon him of Novem- 
ber 9 the usual order of experimentation was reversed in that 
15 seconds blinding was carried out first, then 5 minutes. 
The outstanding feature of the result is that in the case of 
November 9g, the subject rates high after the 15 seconds period 
and low after the 5 minutes, whereas on January 18 with the 
usual order of experimentation his ratings for the two cases 
are more consonant. The like is true, less markedly, in the 
case of M (upper portion of tables), upon whom also the 
experimental order was reversed. He shows, especially 
under the head 70 mm., a disparity of rating for the two 
sensitivity, were worked out statistically from the data of Table II. In the following, 
m is the number of seconds difference in the average recovery-time to be expected 
with a difference of absolute sensitivity corresponding to I mm. scale, i.¢., as I : 1.108, 
while opposite 7 is given the respective coefficient of correlation followed by its prob- 


able error. 


Recovery After a blinding period of: 

to: 5 minutes 15 seconds 
AT-15 mm. or m 7.45 sec. per mm. 2.05 sec. per mm. 
AT X4.7 r 0.443 + 0.140 0.611 + 0.117 
7° mm., or m — 10.4 sec. per mm. — 0.68 sec. per mm. 
204 X 1077 r 0.671 + 0.099 0.244 + 0.176 
c.p.sq.m. 


It will be noticed that the time to recover to 70 mm. after 15 seconds blinding is 
least of all governed by the absolute sensitivity. ‘The rate of variation is — 0.68 
seconds per millimeter of scale and the coefficient of correlation is not much greater 
than its probable error. 
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different periods of blinding which is unusual, and in every 


5 minutes. It is also true that these two (W and M) show 
in the same experiments (after 5 minutes blinding where 
this was preceded by the 15 seconds period) curves which 
drop below and somewhat outside of the limits indicated bj 
the four types of Fig. 4. This would indicate that in these 
two cases, at least, the return after the shorter blinding period 
is more rapid owing to its not having been more or less imme- 
diately preceded by an experimental blinding period, while, 
per contra, the rise after a longer blinding period is delayed 
by reason of a foregoing blinding. This with reference to 
the general results of the usual order of experimentation as a 
standard. A further conclusion is that the general result in 
the bulk of the cases is influenced in a similar way, and the 
general rate of recovery after the short blinding period is 
delayed, owing to a residual effect of the prior blinding. If 
this be true the rise after 15 seconds blinding should, under 
equal preceding conditions, ensue with greater relative speed 
than the average results would indicate. 

It is possible that the sudden onset of the rather bright 
light, after complete dark adaptation, may, so to speak, 
surprise the visual apparatus into more profound changes 
than would be induced by the same exposure to light applied 
with gradual onset under similar conditions. Aside from 
the changes in the size of the pupil there are two anatomic 
factors undoubtedly concerned in dark and bright adaptation: 
the exhaustion and regeneration of the visual purple (or 
possibly other unknown photochemical substance); and the 
migration of the pigment of the hexagonal cells. This 
latter may be a protective device that acts fairly promptly, 
and has the effect of enclosing the retinal rods and by 
its own light-absorbing qualities reducing the amount of 
light absorbed by the individual rods. It is conceivable 
that a sudden flash of light might anticipate this action and 
produce a strong destruction of the photochemical material 
in a short time, before the pigment cells have had time to 
react, while with gradual onset of light the time is adequate 





case he rates higher after the 15 seconds blinding than after 
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for the pigment cells effectively to assume this protective 
function. 

Some of the curves strongly suggest two factors playing a 
part in dark adaptation. In Fig. 5 one of these is shown 
together with a typical smooth curve. Any attempt to 
smooth out D’s curve here would have t 


) pre ceed on the 
assumption of large experimental errors at the second and 
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Fic. 5. Two types of adaptation curve. R, ‘normal’ or regular form. D, 
irregular form showing a halt within the first five minutes and subsequently a more 


rapid rise. 


third stations; or else the results would have to be interpreted 
as arising from two more or less independent mechanisms 
one of which overtakes the other, in effect, at the end of about 
four minutes. Such terrace-like irregularities, which may 
be interpreted as a halt in the progress of dark-adaptation, 
are present in 14 out of a total of 52 adaptation curves taken, 
and are suggested in four others. ‘The results obtained after 
five minutes blinding are plotted for all 15 observers in 
Fig. 6, to show the great variety of forms the curves may take. 
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It will be evident from the foregoing discussion of the 
experimental results that the time required for adaptation 
to progress to the point of visibility of any test-stimulus is a 
function of the individual’s optimum and also of his rate of 
recovery from the effect of disturbing light; with one or the 
other of these of predominant effect according to the magni- 
No single rating derived 


be 


tude of the test-stimulus selected. 
from time and stimulus magnitude would necessarily 
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Six minute intervals. 

Fic.6. The course of adaptation after § minutes blinding in 15 different subjects, 
he vertical line in each case is the zero ordinate for the corresponding curve, indicating 
the instant the blinding period came to an end and the dark-adaptation began. These 


yrdinates are arbitrarily plotted six minutes apart. 


valid as an index of the efficiency of the same individual with 
respect to stimuli of other magnitudes. Again, the ratings 
of two individuals, taken in this way, might, by the arbitrary 
selection of the test-stimulus, be so made as to place cither 
one of the individuals above the other. Obviously, such a 
method of estimating the efficiency of night vision cannot be 
considered valid. 

By way of outlining a method for testing night vision, 
there is little to be stated in detail until definite data are at 
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hand (1) as to exactly what, photometrically considered, the 
aviator must necessarily be able to see in night-flying, and 
(2) what transient light conditions he may meet which tend 
to make him blind relatively to such visual objects. The 
former might afford a basis for the rational selection of a test- 
stimulus, the latter a basis for standardizing the duration 
and intensity of the experimental blinding. 

As far as is known to the writer, photometric measure- 
ments of the brightness of the sky, the earth’s surface and the 
objects upon it have never been made under natural illumin- 
ation at night. Such measurements would show whether 
the requirements of vision at night are more lenient than 
those demanded at the absolute threshold in the experimental 
dark room, or equally exacting; and whether the rate of 
recovery is more important, for practical purposes, than the 
value of the absolute threshold. In short, such data, taken 
in connection with data such as those of the present work, 
would show which portion of the adaptation curve is the 
more worthy of intensive study from the present viewpoint: 
the early, abrupt rise, out of the relatively blinded state; or 
the slow approach to the absolute threshold. 


THe RELATION OF SHADE-PERCEPTION TO THE 
Darxk-ApDApTATION RESULTS 

In connection with the foregoing some experiments were 
undertaken in shade-perception to determine what, if any, 
relation exists between the perception of small brightness- 
differences at fairly high levels of illumination on the one 
hand and the facts of dark-adaptation on the other. 

The test-object used for testing shade-perception is a 
chart composed of ten rows of eight white letters each, on 
gray back-grounds ranging from very dark to very light.' 
The various gray backgrounds, each bearing a row of letters, 
are 4x 18.3 cm., with a white interval 1.8 cm. between. 
The row on the darkest gray is marked L 1/10, the next 2/10 
and so on, the lightest being L 1. The letters are of the 

‘Plate V. of DeWecker et Masselon, ‘Echelle Metrique pour Mesurer l’Acutié 
Visuelle.’ O. Doin et fils, Paris, 1914. 
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gothic style and approximately 7.6 mm. high, designed to 
subtend § minutes angle at 5 meters and would thus represent 
20/20 vision if printed in black and white. The chart was 
illuminated by a 40-watt vacuum tungsten filament lamp, 
with reflector, from approximately 80 cm. distance, the room 
otherwise being in darkness. 


TABLE IV 


THe ReEsuLTs OF THE SHADE-PERCEPTION EXPERIMENTS, COMPARED WITH THE 


DAaRK-ADAPTATION ReEsuLTts: (1) ABSOLUTE THRESHOLD AND (2) InpI- 


VIDUAL SPEED OF RECOVERY. 
In the latter the class-numbers are plotted, cf. Table III. The shade-perception 
chart was used at 5.1 meters except as specified. 








Vision Dark Adaptation. Shade Perception 
Obs =. Remar! 
bs. ; ; AT, Speed Remarks 
Uncor. At Expt. Mn. Class Lt. Adpt. Dark Adpt. 
R 20/15 — 94.2 5/5 1/10—4 
20/15 — 92.0 1/10—3 
O 20/15 88.5 5/4 9/10—1 9g/10+2 
20/15 
Sh 20/15 88.0 4 7/10—2 6/10—2 
20/20 
G 20/20— 20/15 + 88.0 2/3 5/10—2 6/10—1 
20/20— 20/15+ 7/10—4 
Ho = 20/30 20/10— 87.2 2/- 9/10+4 
20/20— 20/10- 
Co 20/200— 20/15 —4 86.0 3/4 5/10—1 6/10—4 
20/200— 20/15 —4 6/10—2 
L 20/33 20/10— 82.5 2/1 9/10—1+3 \t 4.8 m. 
20/25 20/10— 
\\ 20/200 20/15 83.5 4/5 7/10—1 
20/200 20/15 8/10—1 
9/10—3 
W 82.0 g/10-+-0 
Du = 20/70 20/15 81.0 1/3 10/10—3 10/10—7 
20/70 20/15 
Hn 20/30—2 79.5 3/3 9/10—1 At 3.4 m 
20/30 
Cr 20/15 77.0 1/2 g/10+1 g/10—1 
20/15 
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The results are given in Table IV., where following the 
observers’ designations are given (1) visual acuity without 
correction when glasses are worn; (2) vision as applying 
to the experiment, corrected in case glasses were worn at 
the time; (3) the absolute (dark-adapted) threshold (mm. 
scale); (4) the rating with respect to speed of recovery of the 
same (AT-15, Table III.); (5) the performance with the 
DeWecker et Masselon chart, light-adapted; (6) the same, 
dark-adapted. 

Investigations with this chart are unsatisfactory, prob- 
ably arising from the fact that the letters upon it are, with 
respect to size, too near the visual acuity threshold. It 
would have been desirable to have a chart in which the former 
was put out of consideration by having the letters so large 
that visual acuity, in the usual ophthalmologic sense, could 
be ruled out. 

The chart was actually used at 5.1 meters distance. In 
the case of observer L, the distance was slightly less, 4.8 
meters, due to a purely fortuitous circumstance. In the 
case of Hn it was 3.4 meters, owing to the fact that this 
observer could not read even the first line at a greater distance. 
No relationship is known by which these readings could b« 
corrected so as to be strictly comparable with the others. 

Another difficulty with this chart is the fact that the ob- 
server is frequently able to read several lines, excepting, in 
each line, an approximately equal number of letters. That 
is to say, there is more divergence in visibility between letters 
of the same line than between one line and the next (see 
observers G, Co, W, Table IV.). 

The shade-perception readings under the head ‘light- 
adapted’ were taken either just before the dark-adaptation 
experiment, or in some cases at another time. Those in the 
next column, headed ‘dark-adapted’ were taken at the close 
of the dark-adaptation run, immediately upon the turning 
on of the light. The latter gives in most cases a somewhat 
poorer indication, usually by a few letters only, occasionally 
by as much as a line. In one or two cases the reverse .is 


¢ 


noticed (O, G) sometimes plainly the result of memory of 





/ /0Q 
a ° m7] ° 
+40 o° °° 4 is) is] @ 
Px “J 7 
PS 
= = (o} 4 ° ° ° 
~~ 4 ° “ ° ° 
% 
5 S 
$0) 701 
R a E 
S 4 “a 
4 
vp) a = 
a ° 4+ 90 
fo 7 SF J ry i 5) 4' 3! Zz A 
Absolule Threshold Aidapiation Speed, Class 


$50 PERCY W. COBB 


the chart and of practice (compare Co, W, under ‘light- 
adapted,’ with G). The chart was difficult and uncertain 
to work with, and the effect of dark-adaptation, to which a 
slight falling off might in some cases be attributed, was very 
transient and soon wore off or became masked as the observer 
studied the chart and became familiar with it. In what 
follows the effect of the state of adaptation upon shade-per- 
ception will be ignored, and for each observer his best reading 
will be used, for comparison with the extent and speed of his 


dark-adaptation. 














Fic. 7. Relation between dark-adaptation and shade-perception, the latter 
taken with the DeWecker and Masselon ‘light sense’ chart. In the figure on the left 
the abscissze are absolute threshold, in millimeters of the scale above the line and in 
millionths of one candle per square meter below. This unit is equal to one hundred 


of those used in Column 5, Table II. 


In Fig. 7 the shade-perception readings are plotted (a) 
against the absolute threshold and (4) against the speed-rating 
(AT-15, Table III.). The numerical designation of the last 
line that the subject attempted to read was plotted, disre- 
garding the few letters missed, since there was no way of 
appraising the significance of the latter. In so far as any 
correlation is shown, the sensitiveness to shade difference 


relates itself in an inverse sense with the absolute threshold 
(a, Fig. 7) and in a direct sense with the speed of recovery 
(b, Fig. 7). These results are unsatisfactory. A more 
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appropriate and less ambiguous form of test chart (or other 
apparatus) for measuring the sensitiveness to small bright- 
ness-differences, and further investigation, are necessary for 
definite conclusions. 

Plotting the shade-difference results against visual acuity, 
measured by means of the Snellen chart, either with or without 
the usual correction, showed even less correlation than when 
the former were plotted against the dark-adaptation results 
as in Fig. 7. 

SUMMARY 

1. Upon investigation of fifteen subjects it appears that 
the limit of vision in dark adaptation (absolute threshold), 
measured by the least brightness at which gross form may 
be recognized, is variable within extreme limits expressed by 
the ratio of 7.4 to 1. These limits lie between 1 and 10 
millionths of one candle per square meter. 

2. The rate of recovery, after dark-adaptation is dis- 
turbed by a standard exposure to light, is also variable as 
between individuals and by no means always in a sense cor- 
responding with the value of the absolute threshold. The 
extremes of variation between individuals as to time of 
recovery are as 4.5 to I and as 2.5 to I for a longer and shorter 
period of blinding respectively. Recovery, as here used, 
means the individual’s return to a definite multiple (by the 
factor 4.7) of his own absolute thresold. 

3. The time of recovery to the point of distinguishing a 
test-object of standard brightness is to be looked upon as a 
function of both of these, the one or the other preponderating 
in effect according to the test stimulus chosen. For a test 
stimulus 4.7 times the (geometric) mean absoiute threshold of 
all observers, the extreme variations in time are expressed 
as 8.7 to I and 2.75 to 1 for a longer and a shorter period of 
blinding respectively. 

4. The times of recovery are less diverse after a short 
blinding (15 seconds, 13 candles per square meter) than 
after a longer one (5 minutes, same), and in the former case 
recovery takes place, on the average, in about one third the 
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time, or probably less when all antecedent conditions are 
equalized. 

5. The occurrence, in the course of dark-adaptation, of 
more or less definite arrests in the decrease of the threshold 


rasie \ 
Tue Opservers: AGE, VISION AND REFRACTION 


Refraction During Expei 








ment 
2) s Age —- = — = - . ’ 
Vision Uncorrected Correction or Remarks ’ ——- — Vision 
R | 46! O.D.20/15— (+0.75 sph No |20/15— 
O. S. 20/15 + 1.00 sph 20/15 — 
Do | 33 O.D. 20/30— +1.00 sph +1.00 cyl. ax. 95°, 20/15 Yes (20/15 
O. 8. 20/30— + (+1.00 sph +1.00 cyl. ax. 85° 20/15 20/15 
O | 24; O.D. 20/15 Slight marginal blepharitis No /20/15 
O. S. 20/15 20/15 
Sh | 45 | O.D. 20/15 No /20/15 
O. S. 20/20 20/20 
G | 36; O.D. 20/20— |—0.25 sph +1.25 cyl. ax. 84°; 20/15+ Yes |20/15-+4 
O. S. 20/20—  |—0.75 sph +2.00 cy x. 95° 20/15+ 20/15-+4 
Ho} 39 | O.D. 20/30 +1.37 sph +0.87 cyl. ax. 70°! 20/10— Yes |20/10— 
O.S. 20/20—  _|+1.37 sph +0.62 cyl. ax. 110°, 20/10— 20/10— 
Si | 27 | O.D. 20/20 +0.62 sph +0.12 cyl. ax. 90° | No {20/20 
| O. S. 20/20 +0.75 cyl. ax. 90° 20/20 
Co | 47 | O.D. 20/200— —2.75 sph —o0.62 cyl. ax 5°| 20/15 —4 | Yes |20/15—4 
O. S. 20/200— |—1.75 sph —0.62 cyl. ax. 175°; 20/15 —4 | 20/15 —4 
W | 39; O.D. 20/200 —2.50 sph —o.50 cyl. ax. 100°, 20/15 Yes (20/15 
O. S. 20/200 —2.75 sph —0.75 cyl. ax. 100° 20/15 20/15 
B | 41 | O.D. 20/20—1 +1.00 sph —0.37 cyl. ax. 100° 20/15* | Yes |20/15* 
O. S. 20/20—3 |+1.00 sph —0.37 cyl. ax. 80°, 20/15* | 20/15* 
L | 55 | O.D. 20/33 —o.75 sph +1.50 cyl. ax. 48°, 20/10— Yes |20/10— 
O. S. 20/25 —0.75 sph +1.62 cyl. ax. 92° 20/10— | 20/10— 
Du} 25 | O.D. 20/70 —2.00 sph —0.25 cyl. ax. 120°; 20/15 Yes (20/15 
O. S. 20/70 —1.75 sph 20/15 20/15 
Hn} 49 —0.50 cyl. ax. 180° 20/30—2 | Yes |20/30—2 
—0.50 cyl. ax. 180°; 20/30 20/30 
M | 36 O.D. 20/20-—1 | No '20/20—1 
O. S. 20/20+4 20/20+4 
Cr | 23° | GiB. 2o/s¢ Possible slight snow-blindness No (20/15 
O. S. 20/15 from flying over snow fields 20/15 


some months previously. 


* Glasses worn by B contained correction for slight presbyopia. Vision was 
thereby somewhat fogged at 20 feet, but presumably equivalent to 20/15 at the distance 


ed, 52 cm. 


suggests the independent working of two physiologic mechan- 
isms. These halts occur, more or less definitely, in 18 out 
of 52 courses of dark-adaptation investigated, and appear as 
more or less definite ‘terraces’ on the rising slope of the curve. 

6. A definite photometric knowledge of the minimum 
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light conditions under which the flier may be called upon 
to use his vision is necessary before a test method can be 
intelligently proposed, or further investigation advantageously 
carried on. 

7. The relation between the limit and speed of dark- 
adaptation on the one hand, and sensitivity to shade-dif- 
ference under relatively high illumination on the other, is 
not clear. It would appear that shade difference sensitivity 
is related to absolute (dark-adapted) sensitivity in an inverse 
sense and to the speed of recovery of dark-adaptation in a 
doubtful, possibly direct sense; but the results are such as 


to leave these conclusions in doubt. 








A DIRECT DEDUCTION OF THE CONSTANT 
PROCESS USED IN THE METHOD OF 
RIGHT AND WRONG CASES 


BY GODFREY H. THOMSON, D.Sc. 


Armstrong College, Newcas e-upon-Tyne, England 


The object of this article is to show how the Constant 
or Fechner-Miller-Urban Process of calculating thresholds 
can be directly deduced from first principles. The his- 
torical development of the process is first traced, and then 
contrasted with the direct deduction. The latter throws 
into clearer relief the nature of the assumptions and approxi- 
mations made, and justifies Urban’s, as against Miiller’s, 


Table of Weights. 


I. INTRODUCTION 


The Constant Process is employed to fit the integral of a 
‘normal’ curve to data accumulated by the Method of Right 
and Wrong Cases. The process has been given various 
names. Often the name ‘Method of Right and Wrong Cases’ 
has been used so as to include not only the method of experi- 
menting but also the above process of dealing with the data 
after collection. But since many other mathematical proc- 
esses can be applied to the same data it is better to use a 
second name. Professor G. E. Miller calls it the ‘ Konstanz- 
methode.’ Professor Urban speaks of the ‘®@(y) Hypothesis”! 


and the ‘Konstanzmethode,” and I have elsewhere called it 
the ‘Constant Process,’* using the word process to indicate 
a process of calculation, and leaving the word method to 


mean a method of experimenting. The process can 


ischer Messungen,’ Archiv f. d. ges. Psychol., 16, 1909, p. 366. 
* F. M. Urban, ‘ Die Praxis der Konstanzmethode,’ Leipzig, 1912. 


Psychol., 5, 1912, p. 210. 
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1F, M. Urban, ‘ Die psychophysischen Massmethoden als Grundlagen empir- 


3G. H. Thomson, ‘A Comparison of Psychophysical Methods,’ Brit. Journ. 
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applied to data collected by other methods, ¢.g., The Method 
of Non-Consecutive Groups.? 

In the descriptions of the Constant Process given by 
Professor Miller? there is an error of omission which re- 
mained undetected until the appearance of Professor Urban’s 
article already quoted, in 1909. Historically the Constant 
Process arose as an application, to a particular problem, of 
the Method of Least Squares, of which latter I next give a 


short account. 


II. THe Metuop or Least SQUARES 
When observations have given a certain number of 
observation equations for a smaller number of unknowns, it 
is impossible in general to find exact solutions for the whole 
set of equations, for they are, owing to observational errors 
(and, in psychophysics, also owing to subjective variations) 
more or less inconsistent with one another. In such a case 
what is called the Method of Least Squares can be applied to 
find what are, with certain assumptions, the most probable 
values of the unknowns. Let there be & equations for g 
unknowns (k > g), and suppose that these equations are 
linear, as follows: 
axthytazst:--+fiutgwta =o, 
A2x + boy + C22 + +++ + fou + gow + a2 = O, 


ax + by + ene + +++ + fra + giw + a, = 0. 
Moreover, suppose that these equations are not equally 
trustworthy, but are based upon various numbers of experi- 
ments 2, %, *::, me Then the rules of the Method of 
Least Squares run as follows: 

To find the ‘normal equation’ for x, multiply each equa- 
tion (1) by its weight » and (2) by the coefficient of x in that 

1G. H. Thomson, /oc. cit., p. 204. 

2G. E. Miiller, ‘ Die Gesichtspunkte und die Tatsachen der psychophysischen 
Methodik,’ Wiesbaden, 1904, par. 11: ‘ Ueber die Massbestimmungen des Ortssinnes der 
Haut mittelst der Methode der richtigen und falschen Fille,’ Pfidger’s Archiv, Bd. 19, 


1879, pp. 191 ff., and elsewhere. 
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equation, and then add all the equations together. Similarly, 
‘normal equations’ can be found for y,z, ---,«wandw. There 
will thus be exactly as many normal equations as unknowns, 
and the values of the latter found therefrom are the ‘most 
probable’ values, provided we assume that the errors or 
variations arising in our experiment were all ‘normally dis- 
tributed.’ 


III. A DescripTion oF THE FECHNER-MiLLER-URBAN 
Process As 1T AROSE HIsToRICALLY 
This process arose from an application of the above rule 
to a particular problem in psychophysics. Certain stimuli 


Pty. Fay Fey. ° ** >» Vk 


were presented each n times,! in a certain way, to a subject, 
who gave at each stimulus value a different proportion of 
the looked for reaction, these proportions being 


Pi, P2, Pa, *** 5 Pre 


The assumption is now made that 


I h(r—S) r 
? -%-=> [ e*dx = oO, (1) 
Vi Vo 
p’ being a function of which the above p’s are experimental 
values, while S is the required ‘threshold’ and A is its ‘pre- 
cision,’ ¢ = 1/(h V2) being the ‘standard deviation’ of the 
distribution. By inserting in equation (1) the k experimental 
pairs of values of p and r we obtain k observation equations 
for the two unknowns S and h. The equations will never in 
practice be exactly consistent with each other, and no pair 
of values S and A will exactly satisfy them all, but will leave 
small residuals 2, v2, 2 


each case. 


3, °** , Y instead of giving zero in 


The Fechner-Miller argument then goes on (erroneously, 
as Professor Urban showed later) to postulate that the best 


1'To avoid unnecessarily complicating the argument I assume each was presented 
n times. If the different r’s are presented different numbers of times a ‘ weight’ in 
the ordinary sense of the word has to be attached to each observation equation in 


what follows, proportional to the number of presentations of that stimulus. 








———S—— 


| 
| 
| 
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pair of values S and h is that which makes the sum of the 
squares of these residuals, Sv*, a minimum. As the rules for 
forming normal equations are only intended to apply to 
linear observation equations, however, a plan had to b« 
devised to replace the above equations, which at present 
include integrals and are anything but linear, by linear equa- 
tions. This was ingeniously managed by Professor Mille: 
by means of the ‘method of weights,’ as follows: 

In tables of the probability integral we find values « 
and corresponding values y of the upper limit o 
of equation (1). Fechner’s Fundamental Ta 
called, is merely such a table with rather wide interval 
specially published for psychologists at that time. We can 
therefore write down those & values of y which correspond 


exactly with our & experimental values of p, and equate them 


j 
to the & values obtained by inserting 7, re, --+ , 7 in the 
upper limit h (r — S). We thus have & equations of th 
form 

y=h(r—-S), (2) 
where the r’s are the experimental stimulus values, and thi 
y’s are found (with the aid of a table) from the experimental 
p’s, and S and h are required. If we write hS = c these be- 
come linear equations in hk and ¢, viz., 


| 


y—hr+c=o0. (3) 


Any pair of values A and c inserted into the k equations (3) 


will leave residuals 1, uo, u3, -++, uz. If we apply the rule 
of the Method of Least Squares to these equations as they 
stand, the values of A and c obtained from the normal equa- 
tions will be those which make Su? a minimum. ‘This how- 
ever is not what we want, we want Lv" to be a minimum, the 


sum of the squares of the residuals of the equations (1). 


We could obtain this if we were to find a set of ‘weight 


r,, T2, T3, «++ , Ty to use on the equations (3) such that each 
Cu?) will equal the corresponding vo”, for the normal equation 
4 : / — P- at . 

of the equations (3) thus weighted will then make 2(Tu’), 

that is S22, a minimum. The problem of finding these 
a fe ° . ee Ls eo hlery if ling what hanve it t 
weights 1S 1n etlrect the probiem of finding what Change in p 
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corresponds to a change 6y in y. We have 


I Y 
p—-i= =f oc”? dx, (4) 
Vivo 
and therefore 
I ytéy 
5p = —= [ a? Gx. (5) 
VT vy 


When 67 is sufficiently small this integral, which is the area 
of a narrow element of a curve, may be replaced by the rect- 
angle found by éy (width) and e~” (height), i.¢., 





bp = —— by. (6) 


éy corresponds to a residual uw, and 6p corresponds to a resi- 
dual v, so that, since I'v? has to equal 2, the sought for weights 
I are given by 


It is convenient that the weights should run from 0 to I, 
and the zw is therefore omitted in the tabulated values. 
As weights are merely relative quantities this has no effect 
on the final result of the calculations. These Miller weights 
are to be found in several textbooks of experimental psy- 
chology. They are however incorrect, or rather incomplete, 
and should be entirely dropped for Urban’s Weights. 

Urban’s weights differ from Miller’s in that they con- 
tain further the factor 1/[4p(1 — p)]. The need for this 
factor was overlooked by Professor Miller and was first 
pointed out by Professor Urban (op. cit., 1909). It does not 
arise from the transition from the equations (1) to the equa- 
tions (3), but exists previously to this, because the standard 
deviation of experimental determinations of a constant 
proportion p is equal to Vnp(1I — p), where m is the number 
of trials in each experiment, the distribution being binomial 
inform. If we write 


~ 4p(1 — p) 


the P’s are Urban’s weights which should replace Miiller’s 


P 


(8) 


’ 
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weights. The correctness of Urban’s weights is particularly 
clearly demonstrated in the direct proof of the Constant 
Process given later in this article. 
We have therefore k equations, linear in h and c, each with 
weight P, as follows: 
v1 — hry + c¢ = 0, weight P,, 
v2 —hrz+e 


Il 


o, weight P», 
(Q) 
i hry. + c¢ = 0, weight P,. 


By the ordinary rule of the Method of Least Squares the 
normal equations for c and h are therefore 


[Py] — [Pr]h + [P]e = 9, 

[Pyr] — [Pr ]h + [Pr]c = 0, 
where the square brackets are the sign used by Gauss to in- 
dicate summation from 1 to &, traditionally retained in nor- 
mal equations. From those h and c, and therefore S, can 


(10) 


be calculated. 

With this historical development of the Constant Pro- 
cess may now be compared the following direct deduction, 
where the assumptions and approximations are particularly 
clearly marked, the rules of the Method of Least Squares are 
avoided, and Urban’s weights are seen to arise from first 
principles. 


IV. Direct DepuctTion oF THE CoNnsTANT Process 
Let there be & different stimuli 
N15 12,5 ia tO? ’ Tky 
at each of which a subject is repeatedly tested to ascertain 
whether or not he reacts in a certain way. 

First Assumption.—Assume that for each stimulus r 
there exists a constant probability p’ that the reaction in 
question will occur, so that we have the set of theoretical 
probabilities 

, / / / 
Pr’, pa’, Pa’, ++ 5 Dr’. 
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Throughout our argument we shall use dashed letters for 
theoretical values, undashed letters for observed values. 
Now let 2 experiments be made with each stimulus, and 
let the proportions of reactions at the respective stimuli be 
Pi, P25 P3y °° * 5 Dke 
What is the probability W of obtaining this particular set of 
experimental values for the probabilities? The probability 
of obtaining any 7 as an experimental value of the correspond- 
ing p’ is, from first principles, equal to 


nN ,PNH ,Qn 
= ¢ (II 
~~ (pny! (gn)! - 
where 
ed Dee S 
/ / 
g =1-— >)’, 
ni = n(n — 1) (nm — 2) --- 3,2, 1 


and since the n experiments made to find one #p are quite 
independent of the 7 experiments made to find any other 9, 
the probability of the simultaneous occurrence of fi, po, 


ps, *** y pe is the product 


Ds eee *+* om (11a) 


Now each p’ must, quite generally, be a function of the stimu- 
lus r and of a number of parameters a, B, y,---. Those 
values of a, B, y, --- , will be the most probable which make 
W a maximum, and a necessary condition for this is that 

dW dW dw 


=O, (12) 


da dg dy 


These equations are those required to find a, 8, y,---, 
when the form of the function p’ has been decided upon. 
When the value of W is inserted from (11a) each equation 
of the system (12) assumes the form 

I dw 


“~wda 


and on further substituting the values of w from (11) the sys- 
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tem (12) becomes 


K _ J / / , , 
>? pap _ ee — p' dp’ _ 


a, 7 - 
l ?P q da l Pp q F dB 


/ 


= 0. (13) 


It is at this point, therefore, that the distinguishing factor 
of Urban’s weights, viz., 1/p’g’, makes its appearance. It 
arises from equation (11) and the assumption which precedes 
that equation. We have not yet made any assumption as to 
the relation between 9’ and r. 
Second Assumption.—Assume now that p’ is given by 
eh(r—S) 


I : 
i <3) = | e~" dx =0. 14) 
Vivo 


Thus the parameters are two in number, S and A, and we 
have on differentiating 


ey. «§ . —h 3 
alee al =——¢ 
dS Vir Vir ; 
fr tos... pee. s 
a =—— ee 
an Nir Vir 
where we have written 
vy’ = h(r — S) 14a) 


for abbreviation. From eqn. (13) we therefore have, by 
substituting for dp /dS and dp’/dh, 


-.b— 9’ 2 
> ; p keV = 0, 15 
1 Pq 
h , 
.p—>bh 2 
Sef a S\erv=o. 16) 
l Pp q 


In (15) the A can be brought outside the = and then dropped: 


while (16) can be written 


/ , 
= p— @ 
, a Pt’. 2S i 
re - Sf "=o, 
Y 7s | #-F 


of which the second term is zero by (15). We therefore hav 
as simplified forms of (15) and (16) the equations 


. ah ae - 
ae a ae ¢* = 0, I<a) 
| P q 
; 
—p-—>?p a 
fe cate = hy 16a) 
Pq 
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Herein the p’s and 7’s are known, and the p”s, g’’s, ys are 
functions of S and h given by (14) and (14a), (g’ = 1 — ’). 
These two eqns. (15a) and (16a) are the strict eqns. for 
finding S and h, and up to this point there are no approxima- 
tions. A final test of any Gaussian values of S and h, in what- 
ever manner found, must be that they give values of 9’, 
q’ and y’ which satisfy (15a) and (16a). 

Except by trial or graphical methods however these 
equations are not soluble, and approximations are necessary 
to enable them to be handled. These approximations we 
now proceed to discuss. 

Consider the quantity p — p’, the difference between 
the experimental and theoretical values of the probability 
at the stimulus r. From p we can find in tables of the proba- 
bility integral the value of y, the upper limit of the integral, 
which corresponds to p. This y is then an experimental 
value of the y’ of eqn. (14a). From vy we can in imagination 
find, if we suppose the S and h known for the moment, a 
value r’ from 

vy =h(r’ — S), (17) 
r’ will in general differ from the real value rv. If we draw a 
normal curve as in the accompanying diagram, and if R 
is the position of the stimulus r, then the theoretical value 
p’ is the area of the curve up to the ordinate at R. Let the 
real value p be (say) greater than this, then p can be repre- 











sented as the area to a point a little further on, R’, corre- 
sponding to the value r’. The quantity p — p’ is then repre- 
sented by the area R PP’ R’. If this is narrow it may be 
replaced without great error by the rectangle R Q P’R’, 
1.é., we write as our first approximation 


p—p =(r — re”, (18) 





| 
| 
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e-” being the ordinate R’P’. In doing this we have made 
our third assumption, viz., that the experimental values p 
can be sufficiently well fitted to make each p — p’ small 
enough to replace by a rectangle. This will for example not 
be the case if there are gross irregularities, such as ‘reversals of 
the first order,’ in the sequence of p’s. The Constant Process 
should therefore not be applied to such data; if it is, the 
values obtained from the approximate normal equations 
(10) will not satisfy the exact equations (15a) and (16a) 
with sufficient accuracy. 

On inserting the value of p — p’ from eqn. (18) in the 
eqns. (15a) and 16a) we obtain 


=f 
ao = ©, (155) 
| ?p q : 
T= r’ ou? 
fy" wo. (16b) 
1 Pg 


Second Approximation.—To further simplify these, we 
next replace all the theoretical values except r’ by their 
observed values, 1.¢., we write 

; 
r—r ., 
/ om =, (15¢) 
1 Pq 
r—-r 
1 Pg 


This approximation also rests on the third assumption above. 


re" = 0, (16c) 


The equations are now the same as the normal equations 
(10) as can be seen as follows. 
Write as before 


952 
“Y 


e 


P = ; (8) 
4P9 
and use 

y = h(r’ — S) (17) 

to eliminate r’.. We thus obtain 
“. nhr — y — Sh ' 
> P i = 0, (15d) 
~, hr — vy — Sh p 
>> Pr H = 0. (16d) 
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Bring the 1/h outside the summation, drop it, and use the 


Gauss notation [x] for >> x, and we obtain 
1 


[Pr] h — [Py] — [P] Sh = 0, 
[Pr?] h — [Pry] — [Pr] Sh 


which are identical with our former equations (10), since 


Sk = ¢. 


(10) 


O, 
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TIME RELATIONSHIPS IN THE FORMATION OF 
ASSOCIATIONS 


BY H. A. CARR AND A. S. FREEMAN 


The University of Chicago 


This paper presents experimental data from the field of 
animal psychology concerning two related problems. (1) 
The first question concerns the relative merit of simultaneous 
and successive presentation in relation to the speed of learn- 
ing. The animals were required to associate two factors 
which we may term 4 and B. With one group the two terms 
were presented simultaneously and in the other they were 
presented successively with an interval of approximately 1 
second between them. The comparative number of trials 
necessary to establish a given strength of functional connec- 
tion constitutes the measure of the relative efficacy of the 
two methods of presentation. (2) The second problem con- 
cerns the readiness with which a given temporal association 
will function in a backward as compared to the forward direc- 
tion. One group of rats learn the association in the order 
A—B, while in a second group the terms are presented in the 
order B—A. In the test experiment the terms are required 
to function in the order 4—B for both groups. Comparative 
records were taken of the number of trials necessary to at- 
tain a functional connection of a given strength. 

A diagram of the apparatus is given in Figure 1. The 
dimensions of the box are 24 x 36 inches. The runways are 
4x6 inches. From the food box emerges the entrance alley 
which divides into two paths (R and L) both of which re- 
turn to the food box. The three openings into the food box 
can be closed as desired by means of sliding doors (1, 2 and 3). 
The return paths were broken up by projections from alter- 


nate sides of the alley. This device prevented the animals 

from sensing from a distance whether the door leading to the 

food was open or closed. Two electric buzzers (4) were 
405 
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located in each return alley. With the exception of the food 
box and the ends of the return paths the apparatus was 
covered with a glass top. 





L R 





| 


aa a4 





vem P 
p A rT) 











bo 
w 











Figure 1. Diagram of Apparatus. 


All animals were given preliminary, training and test 
series of trials. In the preliminary series one of the return 
paths was invariably blocked for each trial. The right and 
left paths were opened alternately. The rat was inserted 
into the entrance alley from the food box and allowed to 
choose between the return paths at random. Naturally the 


open path will be chosen in approximately 50 per cent. of 
the trials) The number of consecutive runs per day was 
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gradually increased from four to a maximum of twenty. 
The solution of this phase of the problem involved the choice of 
one of the return paths, the habit of traversing it to the end, 
entrance into the food box if the path is open, and if the path 
is blocked a return and choice of the opposite path. The 
objects of this series were to train the animals to run twenty 
consecutive trials per day, to eliminate loitering, hesitations, 
indecisions, and unnecessary activities, and to teach the 
animal the trick of turning around immediately in response 
to a closed door and selecting the opposite pathway to the 
food. 

The object of the training series was to establish an ef- 
fective association between an auditory stimulus (4) pro- 
duced by the electric buzzers and the act (#) of turning 
around and retracing the path when a closed door was en- 
countered. This response had already been thoroughly 
inculcated by the preliminary series of trials. The pro- 
cedure for all animals involved the following steps: Both 
return doors were closed. The rat was introduced into the 
entrance alley from the food box. The rat traversed the 
entrance alley and entered one of the return paths. In 
20 per cent. of the trials the door of the pathway chosen was 
opened after it was entered; in the remaining trials the door 
of the path not chosen was opened. In the first case the 
rats secured food by means of the selected path; in the second 
case the rats invariably found the selected pathway to be 
blocked and that food could be secured only by means of the 
opposite path. When the door of the selected path was 
opened, no auditory stimulus was given; when the pathway 
way was blocked, the auditory stimulus was invariably given 
in a certain temporal relation to the act of turning around in 
response to the closed door. In all cases the duration of the 
stimulus approximated an average of .8 seconds. From this 
point the procedure differed according to the group. With 
group I consisting of eight rats the stimulus was given while 
the animal was turning around. The two factors to be as- 
sociated were thus presented simultaneously. With group 


2 consisting of eight animals the buzzers were sounded just 
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as the rats passed the point P (indicated in the diagram, 
Figure 1) before they reached the closed door. The average 
time involved in traversing from point P to the closed door 
approximated 1£ second. Consequently the two factors were 
presented in the order 4—B with a second’s interval between 
them. The third group contained nine rats and with these 
the stimulus was given at the point P after the closed door 
had been encountered and while the rats were retracing the 
path. The two factors were presented in the temporal order 
of B—4A with an interval of approximately one second. 

A test series was necessary to determine the degree to 
which an effective association had been formed. The pro- 
cedure was the same as that employed in the training series 
with the exception of the time when the stimulus was given. 
The stimulus was presented for all groups at some point in 
the pathway before the rat encountered the closed door. 
In order to avoid the formation of a position habit, this 
point was varied in an irregular manner. As in the training 
series, the door of the selected path was opened and no 
stimulus given in 20 per cent. of the trials. This procedure 
prevented the formation of a habit of invariably turning 
around in the first path chosen. The formation of an effec- 
tive association between the two factors will be evidenced by 
an immediate turn whenever the auditory stimulus is given 
before the closed door is encountered. Since we desired to 
measure the gradual growth of the association, it was neces- 
sary to interpolate the test trials at regular intervals during 
the training series. Moreover the number and frequency of 
the interpolated trials must increase as the problem is mas- 
tered. It is unnecessary to give this schema of progression. 
Suffice it to say that the increase relative to the degree of 
mastery was the same for all animals. 

In groups I and 3, progress was measured by the in- 


creasing percentages of correct responses made during the 
test series. A correct response consists of an immediate 
turn when the auditory stimulus was presented, and traversing 
the whole length of the path in the 20 per cent. of the trials 
in which no stimulus was given. Since the latter response 
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had become inculcated during the preliminary series, mistakes 
in these trials were rare. As a consequence the percentage 
records of these groups will begin at 20 and increase to 100 
as the response to the auditory stimulus is acquired. With 
group 2 as the problem is mastered there is nothing to pre- 
vent the animals from responding to the stimulus during 
the training series. The purpose of a test series with this 
group is mainly to prevent the formation of a position habit. 
Consequently the progress of this group was measured by 
the increasing percentages of correct responses in both the 
training and test series. Since no stimulus was given in 20 
per cent. of the trials and these responses were invariably 
correct, the initial records approximate 20 per cent. and the 
values will increase to 100 per cent. as the association between 
auditory stimulus and the act of turning is mastered. 

The learning records of the three groups are repre- 
sented by the graphs of Figure 2. Graph 1 represents the 
values for the group for which the two factors were presented 
simultaneously. The records for the group in which the 
stimulus was given after the act of turning are plotted in 
graph 3. With both groups the values represent the per- 
centage of correct responses made in the test trials given 
during each consecutive 100 of total trials. Graph 2 gives 
the records of the group in which the stimulus was presented 
before the act with which it was to be associated, and these 
values are the percentages of correct responses made during 
each consecutive 100 of training and test trials. These 
percentage values are plotted in relation to the total number 
of training and test trials. This procedure is justified on 
the ground that the test trials probably offered as much 
opportunity for learning as did the training series. Limita- 
tion of time and an accident to a number of the animals pre- 
vented a continuance of the experiment beyond a total of 
1,400 trials for each animal. 

The following conclusions are justified by an inspection of 
the data: 

All curves start at approximately the 20 per cent. level. 
This result is due to the fact that in 20 per cent. ol the trials 








470° I]. A. CARR AND A. S. FREEMAN 

the door of the path selected was opened and no stimulus was 
given. The habit of exploring a pathway to its end was 
inculcated by the preliminary series of trials, and this mode 
of response was continued during the training and test trials. 
Such responses were counted as correct. Progress in assoc- 
ating the sound with the act of turning is thus indicated by 


a rise of the curve above the 20 per cent. level. 
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The graphs represent the percentages of correct responses per 100 


FIGURE 2. 
Graph 2 
f 


I gives the group record for simultaneous presentation; 


trials. Graph 
3 records the progress of 


represents the values for successive presentation; Graph 
the group for which the’association was tested in the reverse order from that in which 


the terms were presented. 


With our conditions successive presentation of the two 
terms constitutes a much more favorable method for their 
association than does simultaneous presentation. This fact 
is apparent from a comparison of graphs 1 and 2. With 
successive presentation four of the eight rats attained a 
proficiency of over 90 per cent. of correct responses, while 
80 per cent. was the best record attained by any animal 


given simultaneous presentations. It is of course possible 
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that the final records of the two groups would have been 
approximately identical if the experimentation had been 
continued until complete mastery of the problem had been 
e flected. 

An effective association can be readily formed over an 
interval of one second provided this interval is filled with 
some given definite activity. 

Associated terms function much more readily in a forward 
than in a backward direction. Within the time limits of our 
experiment there is no indication that the third group was 
making any progress in establishing an association that 
would function in a backward direction. This general 
statement holds for each individual as well as for the group 
as a whole. It is possible that some progress would have 
been manifested if the experiment had been continued. 
Such progress might be due, however, to the training effect 
of the test trials alone. 

The curve of learning for simultaneous presentation is one 
of positive acceleration. That for successive presentation 
approximates a straight line ascent with some indication of 
a slight negative acceleration. This difference indicates 
that the type of curve is a function of the temporal mode of 
presentation. The result is interesting in comparison with 
Wylie’s results! Our apparatus and procedure were the 
same as those of Wylie in establishing a negative response to 
an auditory stimulus with the exception of the mode of pre- 
sentation of the two terms. Wylie gave the auditory stimu- 
lus irregularly but more or less continuously while the ani- 
mal was traversing and retracing the blocked pathway. 
He invariably obtained a positive acceleration curve in this 
type of problem. His animals mastered the problem much 
more readily than did ours, and this fact is probably due to 
his method of giving the stimulus. A continuous but irregu- 
larly broken sound is likely to be more effective than one of 
such short duration as that employed in our experiment. 

So far as we are aware there are no data in the field of 

1 Wylie, H. H., ‘An Experimental Study of Transfer of Response in the White 


Rat,’ Beh. Monog., Vol. 3, No. 5. 
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animal behavior bearing upon our first problem of the relative 
merits of simultaneous and successive presentation. The 
problem has been investigated with human subjects by 
Bigham,! Chamberlain,? Wohlgemuth,*? and Froeberg.* In 
general the data indicate the superiority of the simultaneous 
mode of presentation. Especially was this result attained 
in the better controlled experiments. Our data support 
the superiority of successive presentation. In the human 
experiments memorizing activities were employed exclusively. 
Evidently the relative value of the two methods is a function 
of the kind of subject or the type of activity employed. 

Watson’s experiment contributes the only data in the 
comparative field bearing upon our second problem. He 
tested the ability of rats to run a maze backward after learn- 
ing it in the forward direction. Considerable ability was 
manifested. The experiment is not conclusive owing to 
the fact that animals do considerable retracing while master- 
ing the problem. The subject has been investigated in the 
human field with memory material by Ebbinghaus, Muller 
and Pilzecker, and Wohlgemuth. Ebbinghaus employed 
the relearning method and found a rather strong tendency 
in the backward direction, but its strength was never equal 
to that of the forward tendency. With the method of 
recall, Muller and Pilzecker demonstrated the existence of a 
backward tendency whose strength was less than that of the 
forward direction. Wohlgemuth’ experimented rather ex- 
tensively varying both method and material. In five cases 
the forward direction was the stronger, and in two cases the 
tendencies were approximately equal in strength. He con- 
cludes that the forward direction is the stronger when articu- 
lation is used in memorizing, but that the two tendencies 

1 Bigham, John, ‘ Memory,’ Psycuot. REv., 1894, 1, p. 435- 

2 Chamberlain, A. H., ‘A Memory Test with School Children,’ Psycuor. Rev. 
EOIS, 22, p. 73. 

3Wohlgemuth, A., ‘Simultaneous and Successive Association,’ Brit. J. Psy- 
hol., 1914, 7, P- 434- 

‘ Froeberg, Sven, ‘ Simultaneous versus Successive Association,’ Psycuou. ReEv., 
1918, 25, p. 156. 

°> Wohlgemuth, A., ‘On Memory and the Direction of Associations,’ Brit. J. 


Psychol., 1912, §, Pp. 447. 
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do not differ in strength when articulation is prevented. 
Our experiment proves that the formation of an association 
between a stimulus and a motor response by animals is ex- 
ceedingly difficult and perhaps impossible when the stimulus 
is presented after the act has occurred. 





RETROACTIVE HYPERMNESIA AND OTHER EMO- 
TIONAL EFFECTS ON MEMORY 


BY G. M. STRATTON 


University of California 


A student of mine not very long ago questioned me re- 
garding a puzzling aspect of his recollection of the earthquake 
of 1906 in San Francisco. And from this I was led to gather 
reports, partly oral and partly written, from over two hundred 
students concerning their memory of this and other unex- 
pected crises. Some of the features which appear seem to 
me to warrant a written account, placing what is perhaps 
novel into connection with the better-known effects of ex- 
citement on our power of recollection. 

The effects of excitement due primarily either to bodily 
or to mental causes may be divided into two kinds, those 
which are transitory, experienced only during the excite- 
ment, and those which are relatively permanent, still notice- 
able long after the excitement has subsided. Belonging to 
the first class, there is upon occasion an apparently general 
hypermnesia. One who at the time was in a condition of 
hypomania told me his surprise at the marked freshening of 
all his memories; it seemed to him that he could clearly 
recall the substance of every book he had ever read, and | 
know him to have been a very wide reader. Beers observed 
something similar in himself as he passed from depression to 
elation.!’ Hypermnesia has been observed at the moment of 
danger from a railway train as well as during asphyxiation: 
the past as a whole, or some great stretch of it, lies clear be- 
fore the mind;? there has been a wide awakening of dormant 
memories. 

In at least superficial contrast, while yet belonging to 
the same class of effects, there is a more selective hypermnesia, 

‘A Mind that Found Itself,’ p. 80. 

* Feré, ‘The Pathology of Emotions,’ Eng. tr., pp. 156, 295. 
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where certain rather narrow lines of association are followed: 
a person during the excitement leaps in memory to particular 
past events connected with the present by similarity or other 
motive for selective recall. When one of my students was in 
the excitement which followed the killime of his first buck, 
there arose in his mind with unusual vitedness the detailed 
scenes, “as good as forgotten,” of an earlitt experience in that 
same country. Or, with another, the'fudden news of a 
friend’s death enlivened to an uncommon degree, for a few 
moments, the recollection of particular *and hitherto disre- 
garded experiences years before. 

“TI have found,” writes still another, “that if an event later 
turns out to be very important I can remember exact details, con- 
cerning this event, that I was not aware, at the time, of even per- 
ceiving.” 

And as a further illustration: 


“About a year and a half ago I 
met casually at the dedication of a service flag in Oakland a man. 
We spoke of various trivial things and I did not once think of him 
as one whom I should ever see again. He was almost forgotten by 
me and indeed when I met him six months later a re-introduction 
was necessary. This time, however, we became very good friends, 
and with the development of our friendship there came back to me 
suddenly one day the picture of this meeting, the people present, 
the ceremony, the trivial conversation in all its detail, almost with 


” 


all the little by-play of motion, etc. 
The effect belonging to the second class, the effect still 
present long after the excitement is past, is more varied 
at least the observation of the effect is, perhaps merely be- 
cause the opportunity for observation is more favorable. 
First there is hypermnesia for events experienced during the 
excitement. ‘The person recalls in almost photographic de- 
tail the total situation at the moment of shock, the expression 
of face, the words uttered, the position, garments, pattern of 
carpet, recalls them years after as though they were the ex- 
perience of yesterday. The following will serve as examples. 
In 1906 the father of one of my students was almost fatally 
injured in a boiler explosion; the moment described is that of re 


ceiving word of the accident. “I was standing in the hall a few 
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steps behind mother. She had opened the door and an intimate 
friend of my father’s was standing there. His blanched face told 
that he had bad news to tell. Mother read the expression immedi- 
ately and started forward with these words, ‘Oh Mr. ——, some- 
thing has happened!’ The expression on her face was ghastly and 
this part is all very vivid to me. I recall the words but do not hear 
the voices. This friend straightened up and said, ‘Now don’t 
let me frighten you too much, but there has been an accident (here 
mother put her hand to her head) at the plant this afternoon.’ 
Mother cried, ‘Oh Will! Will!’ and started out the door. ‘Is 
he dead?’ The beginning of his reply was ‘No, no—’ but |] 
don’t remember the rest. Up until the time I heard the word 
‘dead’ I had stood motionless but now I ran to my mother and put 
my arms around her, screaming these very inane words, ‘What 
shall Ido? What shall Ido?’ Mr.——then took me very firmly 
by the arm and pushed me back, saying in a calm voice, ‘What 
you can do is to be very quiet for your mother’s sake and don’t 
cry.’ I was somewhat stunned and stood there with my eyes 
fixed on the hall rug. They were saying something about bringing 
him home in a few minutes. They had gone into the next room 
and I heard mother say, ‘I’m afraid you’re not telling me all. 
How can they bring him from the hospital if he is so badly hurt?’ 
All this time I was looking at the rug which I can still see plainly. 
The background was a soft brown and it had a blue and white de- 
sign over it. Three large diamond-shaped figures were most 
prominent. ‘They were white and marked off into smaller diamonds 
by blue lines. For some reason my fancy made them into immense 
cut glass dishes and I always think of that rug in those terms. 
There was a blue band which went around the rug and outlined 
each of the figures. I do not remember leaving the hall, nor do I 
remember anything more about mother until the shock of the earth- 
quake came early the next morning.” 

The following is from a student’s recollection of an automobile 
accident in 1913. I have directly questioned the writer and am 
confident that the account has not been ‘touched up’ for effect. 
When the collision seemed inevitable, “I gripped the side of the 
motor to brace myself for the shock and sat there just frozen with 
terror. I wondered too if 1 would get blood on my new coat and 
if my bones would make a noise if they broke. This sounds ridicu- 
lous, I know, but I am telling you frankly just what I remember, 


and what I have been rather ashamed to admit even to myself; 


it sounds so cold-blooded. 


XUM 


XUM 
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“The man was intoxicated who was driving the other car, and 
when we turned out on this other road [a detailed diagram illustrates 
the various positions], instead of going around us, he deliberately 
left 40 feet of clear road and ran us into the ditch after having 
struck us broadside. I remember hearing the crash and seeing his 
front fender strike our mud-guard. I was seated right where it 
struck, but something saved my feet from being cut off. I felt 
air and a hot little knife-stab pain running 


myself hurled through the 
through the back of my head and neck as I landed right on the 
back of my head. Then all was oblivion.” 

But this is by no means the only way in which such shock 
may work upon our power of recall; there may instead be an 
unusual reduction of distinctness and fullness of recollection 
or there may even be a total oblivion of all the immediate 
circumstances under which the mortal blow fell. Hypo- 
mnesia may be illustrated by the following taken from my 
reports. 

Some children, one of whom writes the account for me (about 
four years later), are driving home from school, suddenly to dis- 
cover that their house is afire. Other and less important events 
before and disconnected with the fire, and later events, are recalled 
in vivid and trivial detail, but “after the first discovery I remember 
in a sort of dazed way things that happened during the hour that 
I spent comforting the children and helping my mother to save a 
few things.” 

Less than a year ago there came to another of my students 
an intense surprise. Details of the experience preceding and 
following have been given me, and these arise in memory spon- 
taneously and with remarkable vividness, but the recollections of 
can be pictured,” says 


what occurred during the exciting events “ 
my reporter, “when I call them up, but they do not come of them- 
selves.” 

Total amnesia of the concurrent events, in the cases be- 
fore me, occurs only where there has been a physical and 
stunning blow; mental shock alone, in the persons reporting 
to me, does not have the effect noticed in pathological cases. 

These effects, whether of reduction or of heightening, are 
of course not confined to the instant of perhaps maximal dis- 
turbance but may continue for the entire period of the ex- 


citement. 
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Thus far the effects remaining long after the emotion have 
been effects upon concomitant experiences; the emotion has 
caught up the current perceptions and the inner observations 
and has either preserved them vividly and readily accessible 
or has suppressed them, dissociating them in part or in whole. 

But there are also lasting effects upon experiences that 
have gone before, effects that are of opposite quality. 

And first there is the well-known retroactive amnesia, 
where the person has no recollection of events preceding the 
crisis! The shock may make it impossible to recall any 
experiences during a preceding stretch of days, of weeks, 
or even of the entire past. Among my data, I find what are 
perhaps examples, but not clearly so, of this effect, in as 
much as, in many of those who experienced the earthquake 
in San Francisco, nothing is remembered of the hours or 
days immediately preceding the event. 

But more interesting, perhaps only because it seems to 
have received far less attention, is the very opposite effect, 
namely a retroactive hypermnesia, of which I find many in- 
stances. 

The following tells of scenes during boating which began about 
half an hour before an exciting occurrence; much of the original 
narrative is omitted. “My first vivid memory comes when we 
had reached the boat and were just starting from the shore. There 
was a small wooden platform about five boards wide from which 
we stepped into the boat. There were noticeable cracks between 
the boards of the platform and the wood was wet and frayed along 
the edges of the cracks. Throughout the boat-ride I do not re- 
member what the other persons in the boat said or did or how they 
looked. The water was absolutely smooth when we started, but 
there were no reflections in it because it was already dusk and 
the high banks of the stream made it seem even darker. Perhaps 
that is why I remember no colors. On the other side of the stream 
the bank was flat and was covered with tall rushes. The rushes 
extended out into the water so the edge of the bank could not be 
distinctly seen. A short distance farther on there was a bend in 
the stream. On the inside of the turn there was a limb of a broken 


1 Cf. Féré, ‘ Pathology of Emotions,’ Eng. tr., p. 295; Janet, ‘ Major Symptoms 


of Hysteria,’ pp. 37 ff. 
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tree projecting out into the water. It had some rather stubby 
looking twigs sticking up from it and was itself in the midst of 
some driftwood and leaves which had accumulated there. At one 
place we passed under a log bridge and I remember noticing that 
the bark had been pulled off in places and that what remained was 
wormeaten. On our way back down the stream we passed close 
to a bank of large brake ferns and I can distinctly see how each one, 
as I looked up the bank, seemingly overlapped the one above it, 
and they seemed to grow smaller and their outlines less clear in a 
definite degree as they neared the top. I do not remember any- 
thing about the end of the ride, or my going up to our cottage 
except that I know it took place.” 

The following is from the recollection of the events before an 
automobile accident. “The 22d [of August] dawned clear in the 
San Joaquin valley. I arose early and remember wearing a pink 
gingham dress which was difficult to fasten and of having called 
upon my cousin to fasten it for me. I remember being rather tired 
that day and being vexed when asked to run a few errands for my 
grandmother. We were sitting at the luncheon table when she 
asked me to go on these errands and her eyes never seemed to me 
to be so vividly blue as then. There was a canary in the window, 
too, and I remember his having sung until it was necessary for us to 
remove his cage. My afternoon was spent in a siesta since it was 
one of those hot, sultry days of August. About seven o’clock in 
the evening my aunt, uncle, their two-year-old baby, my two 
young lady cousins and myself went to Stockton to the theater. 
It was a motion picture and we started home at half-past nine be- 
cause the baby was fretting. My aunt, uncle and the baby were 
seated in the front of the motor while my two cousins and I were in 
the back. I was quiet and rather serious during the first two miles 
and did not feel very well. There is a crossroad about three miles 
from Stockton where we turned off to go to our home. I shall draw 
a diagram to show the exact position of the cars, and where the 
accident occurred.” 

Over two years ago, in the middle of a Sunday afternoon, 
unexpected word came by telephone of the death of the person’s 
father, a sudden death by accident. ‘‘What happened after that 
call I do not remember nearly so distinctly as the things which 
had happened during that Sunday before the message came. I 
remember distinctly running for the car in the morning when going 
to church, the sermon, people I had never seen before that day who 
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were in church. I remember the ride home in a machine. The 
thing which stands out clearest is the discussion a girl and I had 
when drying the dishes, although in no way was this subject under 
discussion connected with the events which followed.” 

The particulars of this last account have been written out 
for me—the description of the strangers met, the character of the 
voice of one of them, the outline of the sermon, the name of one of 
the hymns sung, subject of the substance of the discussion while 
busied with the dishes. It will be unnecessary to quote these de- 
tails. 

Finally, there is a curious combination of both these latter 
effects; for the same person the stretch of time preceding the 
critical event may show an irregular alternation of heights 
and depressions, vivid recollections followed by a period of 
utter blank. 

“In the spring of 1912 I was living in Beirut, Syria. The 
Turko-Italian war was in progress. One Saturday morning two 
Italian battleships appeared in the bay in an engagement with two 
small Turkish gunboats, which they finally sank. All the events 
of the early morning are exceptionally distinct, even to slight 
details. The engagement took place some hours later, and its 
details are also vivid. 

“The time limits which I shall designate below are only ap- 
proximately correct. My recollection of the first fifteen minutes 
before the crisis [which came “shortly after nine o’clock”’ and 
“lasted about half an hour”’] is not very vivid. I know that 
I was studying—writing a composition. I have a general image 
of the room in which I sat, and of a few of its details. The half 
hour previous to that is blank. The hour before that is very clear 
in my mind. I remember little conversation, but I have distinct 
memories of all that occurred. The rest of the events of the early 
morning I can remember, but not picture to myself. I cannot re- 
call what happened the preceding day. ‘The crisis I shall consider 
as the period from the time the first shell was fired until the firing 
ceased. The first five to ten minutes are confused. I have a few 
vivid but disconnected images. The remainder of the period 
covered by the crisis is very vivid and full of detail. My recollec- 
tions are both visual and auditory. 

“T cannot distinguish the ten minutes following the crisis 
from the crisis itself in regard to vividness or fullness of detail. 
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The succeeding hour marks a gradual decline in the vividness of 
recollections. Always a diminution in the clarity of my visual 
images is accompanied by a smaller and smaller amount of detail 
in the pictures. The next hour is relatively vague. I remember, 
but cannot picture events. During the next hour and a half my 
recollections again become very distinct; then gradually fade out. 
The succeeding three hours are almost blank. Then for 15-20 
minutes I again have vivid images. The remainder of that day 
and the next morning until 7:45 are blank. For an hour and a 
half thereafter I again have recollections as vivid and as detailed 
as those of the crisis. The morning of the succeeding day I can 
recall rather vividly, but with very little detail. Then my memory 
becomes normal. ‘Throughout, my recollections consist of a series 
of disconnected pictures with varying amounts of detail.” 

In another case, preceding the sudden word of an explosion ata 
mountain mill, there is a period of about an hour of photographically 
literal recollection; and after that hour and before the fatal news, 
there is about half an hour during which nothing whatever is re- 
called. 

This from the recollection of events before an earthquake 
when the student writing was about six years old: “The evening 
before the earthquake I remember very well. We had all spent 
the evening with some friends; and as they lived very near our 
house, we walked home instead of riding. I remember a great deal 
of the conversation; many remarks were passed as to the weather, 
and that it was ‘real earthquake weather.’ I well remember who 
were at the party and the way in which we passed the evening, 
also in what the refreshments consisted. 

“T only remember that which happened the evening before, not 
the next morning at all. (I believe the earthquake was about one 


o'clock in the afternoon.) 
I] 

Of the permanent retroactive hypermnesia in the cases 
which have come to my notice some further word will per- 
haps not be amiss. In selecting the material it is obvious 
that one must keep to cases where the crisis comes wholly 
without warning. Otherwise there would almost of necessity 
have been an anticipatory emotion concurrent with the events 
preceding the crisis and well capable of vivifying them, and 


there would be no occasion to ascribe their vivid recall to 
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some back-stroke of the emotion coming only at the time of 


the crisis. 


1. TEMPORAL FEATURES OF THE RETROACTION 

The effect in the cases before me rarely goes beyond the 
day preceding the critical event. More frequently, and in 
particular when the crisis came early the next morning, it 
touches merely the latter part of the preceding day. Still 
more frequently, when the crisis occurred late in the day, 
the effect is found only in that day. Furthermore, it is 
noteworthy that occasionally but not always the effect seems 
to have sharp borders: it does not come on gradually, but 
suddenly; there is a clear demarcation between the beginning 
of the vivified and the end of the unaffected territory; and 
likewise of the close of the hypermnesic period. Not in- 
frequently, as has already been stated, the antecedent hyperm- 
nesia is followed, even before the critical event, by hypom- 
nesia or amnesia. But in this respect, as in so many others, 
there are decided personal differences. Indeed, all that is 
stated here should be understood not as occurring wherever 
there is an emotional crisis, but only where certain special 
and often obscure conditions are fulfilled. 

The following diagrams illustrate some of these temporal 
relations and their individual variety. The number of 
hours or minutes given are of course subject to considerable 


error. 
STUDENT IN EARTHQUAKE OF 1906 
Day Before Morning of Earthquake Five or Six Days Following 
Early part Evening Most vivid and full. Disconnected memories. 
Nothing. Fairly vivid. 
STUDENT IN EARTHQUAKE OF IQII 
Preceding Time The Crisis After-tim¢ 
About one or two hours. \bout 1 hr. About 3 hrs. 5’’-10” later 
Very clear. Very clear. Greatest Recalled. Vividly 
vividness. recalled. 
ACCIDENTAL SHOOTING OF THE STUDENT’S SIsTER, 43 YEARS BeErFort 
Preceding Part Shortly Before Time of Accident Shortly After Latter Part Next 
of Day (2:30 P.M.) of Day Day 
Vivid. Most vivid. Most vivid. Most vivid. Less vivid. Normal. 
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INTENSE SURPRISE, ABOUT 8 Montus Beror: 





Preceding Tim The Crisis After-time 
Half hr. Quarter hr. Hr. and a half One hr. Later 
I’xceptionall; Vague. Least distinct. Vivid Nothing is 
vivid. distinct. 


2. Irs QUALITY 

Many of the persons whose experiences I have been 
permitted to use have testified to the unusual vividness and 
fullness of these antecedent effects. In some cases the 
memories preceding the crisis are not only far more vivid 
than those which accompany and follow it, but they are 
more vivid than any other of the person’s memories, save 
the most recent. 

“TI remember numerous little ‘nothings’ that I can remember 
of no other particular day,”’ writes one of my reporters, of a time 
beginning hours before an automobile collision six years ago. “It 
is as if I were seeing this one day and night through a pair of power- 
ful glasses while I view the other days with just my own eyes, and 
see their events with almost a gray fog over them.”’ 

Another writes: “Events previous to the time of my being 
struck by the train stand in bold relief. I should say that the 
events of the five minutes previous are as vivid now (after 3% years) 
as are any events two days past. I believe I can account for every 
move of these five minutes. The time is completely filled in my 
memory.” 

The vividness according to these reports is not confined to 
visual images: sounds are often clearly represented, the precise 
wording of a conversation, the thoughts which entered 
into the conversation or which silently passed through the 
person’s own mind, the mood, the general state of mind. 
Far more frequently, however, there is a vivifying of the 
pictorial aspect of the experience. But between or before 
such vivid stretches there are occasionally events recalled 
“in general,” that is, they are clearly known to have occurred, 
yet they are represented in no living fashion. Personal dif- 
ferences also appear in the ratio of the vividness preceding 
to that which accompanies and follows the crisis. In some 
cases instead of the relation mentioned where the preceding 
was more vivid than the succeeding, there is found an op- 
posite relation: the later out-tops what goes before. 
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{mong the preceding examples, there are sufficient illus- 
trations of a greater vividness before the crisis. The following 
will further illustrate equal or greater vividness of what 
accompanies and follows the crisis. 

Automobile Accident, Summer of 1915: “I can remember the 
details vividly for about ten minutes before the accident. Before 
that I have only a general recollection that we were riding along 
and that I was trying to read. But I can remember the details 
vividly for a much longer time after the accident. The vividness 
extends for about two hours or more.” 

Earthquake when Seven Years Old: “1 can remember vividly 
back as far as about noon of the day preceding the earthquake. 
I remember just as vividly the day of the earthquake and for a 
week after. But for about a month after, I recall many things; 
and although the events are vivid, still there are some empty 
spaces.” 

Earthquake of July, rg11: “The minutes of greatest vividness for 
me are those immediately following the earthquake for about one 
hour; then another period of vividness about four hours later; 
that later period of vividness only covers a period of a few minutes. 

“Memory of events for about two hours before crisis is very 
clear.” 

The most striking fact is the odd selection emotion makes: 
it sharply picks out certain stretches of experience for one 
effect and a neighboring and apparently equally inviting 
stretch for the very opposite effect. The sharp delimita- 
tions and reversals of its effect in one and the same mind are 
extraordinary. 

3. FREQUENCY 

My data indicate that the retroactive effect is by no 
means of rare occurrence. Among some 225 persons from 
whom reports have been received, as many as twenty-five 
have given me detailed accounts in which this appears. Nor 
does it seem to be confined to a single limited period of life. 
There are cases where the effect has come at some crisis in 
vefy early childhood. In other cases it has occurred at a 


later date. JI am not clear whether or not the effect is of 


more frequent occurrence among women than among men. 
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There is some indication, but not wholly reliable, that the 
women experience it the more frequently. 


4. CausEs AND CONDITIONS 

The peculiar quality of the emotional excitement seems of 
far less importance in producing the result here described 
than the intensity of the shock. In some cases fear is the 
exciting emotion. In other cases it is shock without fear, 
having more the nature of fearless surprise. In other cases 
it is sudden and deep sorrow. In still others it is markedly 
pleasurable surprise. If it is found by later evidence that 
this phenomenon of retroactive hypermnesia is of more fre- 
quent occurrence among women, one would be tempted to 
ascribe it to the greater mobility of their emotions. Nor 
would it be surprising to find that this greater emotional 
mobility, this lower threshhold of emotion in their case, ex- 
plains also the general mnemonic superiority of women, in- 
deed that this and the emotional hypermnesia, concurrent 
as well as retroactive here discussed, are but different effects 
of a common cause. 

The retroactive effect does not in most cases seem to me 
to have been caused by a frequent review of the experience, 
as though the interest in the emotion-giving event had caused 
something like a deliberate and repeated attempt to connect 
it with the events which led up toit. The reason for rejecting 
this explanation is the qualitative difference between these 
antecedent memories and the memories of all or almost all 
other events, and which are frequently counted as of far 
greater importance. The resemblance which the antecedent 
vivifying bears to that which is concurrent with the emotion 
indicates that both come from the one source. But it is 
doubtless true that in some cases there was this later re- 
view, and the items are recalled not because of some im- 
mediate effect of the emotion, but by an indirect effect, by 
giving a motive for an interested and one might almost say 
a deliberate attempt to recover them. 

One can as yet only surmise the cause of opposite effects in 


different persons. It may either be that they have a decided 
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difference of emotional mobility, or else that their psycho- 
physical organization is such that even with the same quality 
and intensity of emotion the sudden rush of intense currents 
does not have the same fixating effect upon the traces of 
former experience. But still more obscure is the opposition 
of effects in one and the same person,—I mean not only where 
the antecedent events are now intensified and now suppressed, 
and this in irregular stretches, but also where the events pre- 
ceding are intensified and those which accompany and follow 
the crisis are reduced in liveliness. It would appear that 
there are certain limits of intensity within which an emotion 
vivifies backward or forward. If this intensity is exceeded 
the experiences connected with it are in some degree sup- 
pressed; while if it is not reached the experiences are lost, 
not so much by an active suppression as by a mere failure 
to gather up the events into the mesh of interest. The effect 
of emotion would seem to be analogous to that of certain 
drugs, where a certain dose excites, while a still greater dose 
depresses. 

Since it is undoubtedly true that emotion facilitates the 
recall of whatever is noticed during the excitement, and since 
it is probable that memory images are not different in kind 
from images of perception, there would seem to be no reason 
why these memory images should not be treated by the 
emotional onrush in precisely the way that the perceptive 
images are treated. An obstacle in the way of such an ex- 
planation of the retroactive hypermnesia would be that 
preceding experiences, especially those of hours past or of 
the preceding day, probably do not at the time of the emotion 
exist in the form of actual images. Their existence is rather 
in the form of psychophysical dispositions or traces, pre- 
arrangements by which the image may under suitable con- 
ditions become actual. 

The emotion, then, would seem to have the power to 
go behind mere imagery into these dispositions or traces, 
and to strengthen them and the connections by which they 
may be called into life. And not only the traces of the experi- 
ence which aroused the emotion, but also of trivial and neutral 


events antecedent to the emotion itself. 
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